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TBiTATIVS  OUTLIinSS  OF  KETHDES 


1.  ]>t«rmiiifttlon  of  UjOg  in  Pitchblende 

2.  Determination  of  Grade  Ores  and  Sands 

3.  Determination  of  U^Og  in  Oree  High  in  Arsenic  and 
Heavy  Metal 

U.  Determination  of  Uranium  in  Oree  Hig^  in  Arsenic  and 
Heavy  Metals  —  Modified  Procedure 

3*  Colorimetric  Determination  of  U^Og  in  Carnotitea  and 
Low  Grade  Pitchblendes 

6.  Colorimetric  Determination  of  U^Og  in  Shalee 

7.  Colorimetric  Determination  of  U^Og  in  Phosphates 

8.  Determination  of  Uiranium  in  Lov  Grade  Oree  and  Sands 
Fluorimetric  Methods 

9.  Determination  of  Th02  in  Ores  Hexsnine  Method 

10.  Determination  of  Thorium  Oxide  in  Ores  lodate  Method 

11.  The  Sapid  Determination  of  Th02  in  Monasite  Sand 
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ASSAYER«S  GUIDE 


IHTBODDCTIOH 


The  deteraination  of  uranioffl  and  thoriom  in  oree  and  rocke  of 
dofflestic  origin  has  hecoiae  of  increasing  inqDortanee,  owing  to  the 
recent  dewelopaents  in  atomic  energy.  The  procedures  given  in  this 
circular  deal  primarily  with  methods  of  analysis  for  pitchblende* 
camotite  bearing  sandstone*  shales*  phosphate  rock  and  aona^ite  sands* 
With  but  minor  variations  they  are  sqpplicable  to  other  types  of  material. 

The  quickest  way  to  determine  uranium  or  thorium  is  by  making 
use  of  the  natural  radioactivity  of  these  elements*  but*  unfortunately, 
there  are  several  drawbacks.  It  is  necessary  that  only  uranium  or 
thorium  be  present  in  the  ore  find  that  the  element  in  question  is  in 
equilibrium  with  its  radioactive  dissociation  by-f)roducts.  While  in 
some  ores  and  minerals  equilibidum  has  been  reached*  in  other  cases  such 
as  the  camotite  bearing  sandstone  of  the  Colorado  Plateau  radioactive 
methods  are  not  reliable.  Generally*  expensive  equipment  and  trained 
oersonnel  are  necessary  to  obtain  reliable  results.  Por  these  reasons, 
methods  depending  on  natural  radioactivity  are  not  discussed  in  this 
circular. 

Chemical  methods  are  more  accurate  and  are  to  be  preferred  for 
contractual  assays* 

The  following  methods  represent  acceptable  methods  which  have 
been  used  in  the  analysis  of  the  materials  mentioned  above.  A  more 
detailed  discussion  of  chemical  methods  of  analysis  mmj  found  in  the 
literature*  As  is  usual  in  analytical  chemistiry.  It  is  advisable  to 
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use  analyied  samplas  for  testing  of  procedures,  analyzed  san^les 
of  various  types  of  material  can  1)0  procured  from  Eav  Material  ^ed^T7»ii5 
Soottra,  Unv  York  Operattunu  efflLB,  United  States  Atomic  Energy 
Commission,  P.  0.  Bex  3^*  Anaonia  Station,  Kew  York  23.  New  York. 
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lETSiMIXATXON  OF  H  PIVCHBLEVIE 


Heagentst 

Potassina  diehroMte  solnttoB  •>  0*0270  H.  Dlssolv*  1*3238  s 
of  purified  potassina  dlehronate  la  water  and  dilute  to  ezaetljr 
1  liter* 1 

Phoephorle  -  sulforle  acid  alrture  >  Mix  350  al  phosphoric 
add  (85)0  with  19>  al  eoneoatrated  onlfnrle  acid* 

Xadlcator  solutloa  «  Add  0*32  c  of  harlua  dlphoaplaalaesalfoBato 
to  90  al  water*  Stir  aad  add  0*3  S  of  aahydrous  oodlua  solfata. 
Mix  thorou^ily,  aad  allow  to  stand  owemlcht.  Filter  throud^  a 
#42  Vhataaa  filter  paper,  aad  dilate  the  filtrate  to  100  al* 

Ferric  chloride  solution  -  Dlasolwe  U  g  FeClj'fiEgO  la  100  al 
water* 

Cupferron  solntlon  •>  Dissolve  6  g  enpfervoa  la  100  al  water* 

Pro cedars; 

A.  Solutloa  cf  the  sa^le 

Voldh  2*000  g  of  the  finely  ground  ore  aad  traasfer  it  to  a 
230  al  beaker.  Wet  the  ssaple  with  water  aad  add  30  al  altrle  add 
(1  -*■  1) .  Cover  the  beaker  aad  beat  oa  a  hot  plate  at  low  heat  for  2 
hours.  Add  12  al  sulfurle  add  (1  -f  1),  coatlane  heating  oa  low  heat 
for  another  hour.  Then  tip  the  watch  glass  and  iacrease  the  heat  of 
the  hot  plate  to  hlf^  heat.  Continue  the  heating  until  the  sulfur 
trloxlde  fuass  are  evolved,  and  then  fume  for  3  ainutes.  Cool,  add  90 
al  water,  and  heat  on  the  hot  plate  to  dissolve  the  soluble  aaterlal. 
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B.  Hydrogen  Sulfide  Precipitation 

Transfer  the  solution  of  the  ore  to  a  500  nl  suction  flask, 
rinse  out  the  henker  thoroughly  %dth  a  stream  of  mater  from  a  wash 
bottle.  Place  a  stopper  loosely  In  the  neck  of  the  flask  and  pass  a 
stream  of  hydrogen  sulfide  Into  the  flask  through  the  side  arm. 

Continue  the  gassing  for  about  30  minutes,  then  cork  up  the  side  arm 
and  tighten  the  stopper  In  the  neck  of  the  flask  and  allow  to  stand 
overnlf^t.  Then  filter  through  a  tfUO  Whatman  filter,  and  wash  the 
precipitated  sulfldoe  thoroxighly  with  snlfurlc  acid  (2  +  98)  that  has 
been  saturated  with  hydrogen  sulfide.  The  filtrate  and  washings  should 
have  a  volume  of  about  225  ml  ^en  the  washing  has  been  completed. 
Evaporate  the  filtrate  to  SO  ml  on  the  steam  bath  or  hot  plate. 

C.  Cupferron  Separation 

Add  10  ml  sulfuric  acid  (  1  +  1)  to  the  evaporated  filtrate, 
heat  to  boiling,  and  add  2^  potassium  permanganate  until  the  solution 
is  pink.  Cool  In  an  ice  bath  until  the  ten5)erature  of  the  solution  Is 
at  least  5*  C.  Transfer  the  solution  to  a  30O  ml  separatory  funnel, 
add  25  ml  of  656  cupferron  solution  In  water,  shake  and  allow  to  stand 
for  e  few  minutes.  Add  25  ml  chloroform  and  shake  vigorously.  Allow 
to  stand  until  the  soueous  layer  and  the  chloroform  layers  have 
completely  separated.  Drain  off  almost  all  of  the  chloroform  layer 
into  a  beaker  and  repeat  the  extraction  with  chloroform  until  the 
chloroform  layer  le  colorless.  Add  5  “J-  cupferron  solution,  and 

if  the  precipitate  Is  white  and  remains  white  after  standing  for  a 
short  time  end  does  not  impart  a  brown  color  in  the  next  chloroform 
extraction,  the  extraction  is  finished.  If  not,  continue  the  extraction 
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toitil  the  precipitate*  fomed  'by  the  addition  of  more  eupferron,  ie 
ifhite.  The  greenieh  tinge  vhich  ie  present  in  the  chloroform  layer 
vhen  the  extraction  is  complete  is  due  to  excess  et^ferron  which  is 
extracted  by  the  chloroform. 

Transfer  the  aqueous  layer  hack  into  the  original  25O  *1 
heaker*  add  I5  ■!  concentrated  nitric  acid*  corer  with  a  speedy^rap 
watch  glass  and  ewaporate  to  sulfur  trioxide  fumes  on  a  hot  plate. 
Increase  the  heat  and  fume  strongly  for  3  minutes.  Cool,  wash  do%m 
the  sides  of  the  beaker  and  watch  glass  with  at  least  I3  ml  of  water* 
and  add  1  ml  perchloric  acid.  Swaporate,  fume  again,  cool  and  wash 
down  the  sides  of  the  beaker  amd  watch  glass,  end  then  fume  again. 

?our  fumings  are  necessary  to  remoTS  the  ct^ferron  decomposition 
products  and  nitric  acid  from  the  solution.  After  the  last  fuming, 
cool,  add  aoout  30  ml  of  water  and  heat  to  get  all  salts  in  solution. 
Sometimes  most  of  the  sulfuric  acid  is  remowed  by  the  repeated  fumings 
and  so  more  must  be  added.  The  acid  concentration  of  this  last 
solution  should  be  5^,  the  rolume  from  50  to  75  ®1»  more  acid 
should  be  added  if  necessary. 

D.  Reduction  of  the  Solution 

Heat  the  solution  to  boiling  and  add  a  ^  potassium 
perman^nate  solution  drop  by  drop,  until  the  solution  is  pink.  Cool 
in  an  ieebath  to  room  tesperature  and  pass  the  solution  through  a 
clean  Jones  reductor^  followed  by  three  30  ml  portions  of  sulfuric 
and  then  by  three  30  ml  portions  of  water.  The  rate  of  flow  throu^ 
the  redactor  should  not  be  too  fast,  about  75  *1  minuts.  Three 
to  four  minutes  should  be  allowed  for  the  reduction  if  a  redactor  with 
a  large  amount  of  sine  is  used.^ 
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Titration  of  the  solution 

T^nefer  the  reduced  solution  to  a  600  ml  beaker  end  aerete 
by  bubbling  air  through  the  solution  for  15  minutes.  W^sh  off  the 
vetch  glass  cover  and  the  aerator  carefully*  Then  add  20  ml  of  freshly 
prepared  ferric  chloride  solution,  stir,  add  15  ml  of  the  phosphoric- 
sulfuric  acid  mixture  and  8  drops  of  diphenyl?? minesulfonate  indicator* 
Titrate  with  0*0270  N  potassium  dichromate  solution  until  a  permanent 
puiple  color  is  obtained.  One  ml/ 0.0 270  IT  potassium  dichromate  is 
eaui valent  to  *00379^  €1  ^3^8  • 


NOTES 

^  Unless  the  potassium  dichromate  is  known  to  be  pure,  it  should  be 
purified  as  follows^  R^crystallize  the  purest  grade  of  the  salt  at 
least  three  times  and  dry  the  crystals,  finally  at  150*  C*  Grind  to 
a  fine  powder,  and  again  dry  at  I50®  C  to  constent  weight.  Keep  the 
prepared  salt  in  a  glass  ground-stoppered  bottle.  If  the  exact 
strength  of  a  prepared  solution  is  desired  it  is  usunlly  better  to 
carefully  weigh  the  purified  salt,  dissolve  in  v^ter,  and  dilute  to 
an  exact  volume  or  weight,  than  to  rely  on  standardization  by  titration. 
If,  as  is  usually  the  case,  the  performance  of  the  solution  is  in 
ouestion,  it  had  better  be  standardized  against  like  material  which 
has  been  carefully  standardized  and  which  is  carried  through  the 
method  that  is  to  be  used.  Dichromate  solutions  are  very  stable. 

2 

A  sketch  of  the  Jones  reductor  in  use  at  the  National  Bureau  of 
Standards  is  attached* 

^  Hillebrand  and  Landcll,  Applies  Inorganic  Analysis,  page  IU7  (19?9) 


AEX3D-2640 


.7 


A 

Xone<  R«4u.t4or 
^  j  -to  fc>*  rnouole  eniirml^ 

Pyr«x  glass 

\  ' 

A 


+5 


rT4-  Zhnrrv  t 


ore 


UiOL'f  tore. 

•jCornlng  |NIo*-T46-Q 


8  rrvn  ,tuktn^C0  ‘P) 


'Qtnm  *tubln0  ro  W 


aU  meoLSuremenfi  in  c«ntimet*c'r<s  anl^SS^ 
oHer ^peci fiexl^ 


8 


AECD-26ii-0 


^  Prepa-ratlon  of  the  Jones  redactor: 

To  prepare  the  amalganated  ^inc  for  the  redactor:  Diseolre 
twenty-six  grams  of  mercuric  chloride  in  750  water  contain¬ 

ing  five  ml  of  nitric  acid.  When  all  the  mercuric  chloride  is  in 
solution*  cool  the  flask  and  contents  to  room  temperature,  add  700 
r.  of  zinc  metal  (?0  mesh)  and  shake  the  flask  and  contents  thoroughly 
for  two  minutes.  Wash  the  amalgamated  {inc  in  the  flask  several  times 
with  water  and  several  times  with  sulfuric  acid  (5  +  95) 
transferring  to  the  reductor.  Wash  the  redactor  each  tine  before  it 
is  used  with  at  least  100  ml  of  sulfuric  acid  (5  4*  95)  &&d  100  ml  of 
water.  Keep,  the  reductor  full  of  water  when  It  is  not  in  use* 
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ijmaamaiaM  or  vy>g  ii  low  aBKm  qhes  aid  saids 

Prt>c#diuf 

Th«  taopl^  should  ha  100  aeih  or  finer.  Transfer  an 
appropriate  vei^t  (10  g  is  adecuate  for  aaterial  of  0.3)(  ^5^8  content) 
to  a  UOO  b1  beaker  and  add  10  to  20  ml  of  nitric  acid,  20  to  30  al  of 
sulfuric  acid  (!>!)•  2  to  3  *1  of  perchloric  acid  (70)^)  and  ^  ^  of 
hydrofluoric  acid;  stir  mII  and  heat  on  a  steaa  hath  teoperature  for 
^  to  10  minutes  to  allow  the  and  excess  hydrofluoric  acid  to  he 

largely  expelled;  then  coTsr  and  eTaporate  to  dense  fumes  of  sulfur 
tiioxide.  Allow  to  cool»  and  rinse  off  the  corer  glass  and  the  sides 
of  the  beaker*  Dilute  till  the  acidity  is  10  per  cent,  stir  well,  and 
digest  to  obtain  complete  solution  of  all  soluble  salts. 

Cool  to  approximately  10*  C,  add  an  excess  of  2*5  P«r  cent 
potassium  permanganate  solution  (3  to  5  drops  is  usually  enou^)  and 
some  ashleas  paper  pulp,  then  add  a  freshly  prepared  six  per  cent 
aqueous  solution  of  cupferron,  dropwise,  with  vigorous  stirring,  until 
a  sno^white  precipitate  that  ouirkly  dissolves  is  noted,  indicating 
complete  precipitation.  Continue  the  vigorous  stirring  for  several 
minutes  longer.  Filter  on  a  Whatman  #Uo  or  equivalent  paper,  using 
paper  pulp,  and  wash  four  to  five  times  with  cold  sulfuric  acid  (5^) 
containing  ^  al  of  the  cupferron  reagent  per  liter*  Collect  the 
cupferron  filtrate  and  washings  in  a  500  ml  narrow  mouth  Erlenmeyer 
flask,  add  a  few  glass  beads,  and  boil  down  to  a  volume  of  approximately 
150  ml.  Remove  from  the  heat,  cautiously  add  3^  of  nitric  acid  and 
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2  al  of  perchloric  acid  (70)t).  and  evaporate  to  veiy  dease  fhaea  of 
■olftir  trloxlde  to  destroy  all  organic  Better  and  expel  excess 
perchloric  acid.  Allow  to'cool,  rinse  down  the  sides  of  the  flask 
with  about  23  b1  of  water,  boil  for  several  alnutes;  then  add  an 
excess  (?  to  3  drops)  of  potassiua  peraanganate  solution  {2»^f>)  and 
repeat  the  evaporation  to  dense  fuaes  of  sulfur  trioxide. 

Allow  to  cool,  add  100  al  of  hot  water,  heat  until  all  salts 
are  in  solution,  dilute  to  a  voluae  such  that  the  acid  strength  will 
be  about  six  per  cent,  and  cool  to  20*  C.  Pass  the  cooled  soltkioa 
through  the  amalgaaated  zinc  redactor  at  a  rate  of  about  10  al  per 
ainute,  and  follow  with  at  least  three  washes  of  50  al  of  cold  vater. 
Aerate  the  reduced  solution  by  passing  air  at  3  io  5  psi.  through  a 
tube  into  the  solution  for  10  to  15  ainutes  and  then  titrate  to  a 
clear  blue  end  point  with  0.02  H  potassiua  peraanganate  solution 
using  exactly  two  drops  of  a  0.025  aolsjr  o-iphenanthroline-ferrous 
coaplex  solution  as  indicator.  1  al  of  .02  V  potastiua  peraanganate 
equals  .002S08  g 

The  procedure  for  preparing  the  standard  potassiua  peraanganate 
solution  is  as  followax^^^ 

Dissolve  about  3*^  of  C.  P.  potassiua  peraanganate  in  1 
liter  of  water,  heat  the  solution  to  boiling,  and  keep  slightly 
below  the  boiling  point  for  an  hour.  Alternatively,  allow  the 
solution  to  stand  at  rooa  tsaperature  for  two  or  three  days,  filter 
the  liquid  throu^  pureaebestos  (free  from  organio  natter)  or  through 
a  slate red'glass  filter  crucible.  Transfer  the  flltre.te  to  a  clean 


Xolthoff,  I.  M.  and  Sandell.  f.  B.  Textbook  of  Inorganio 
Analysis,  p.  592,  (IS'jfi).  Mndllllan  Co.,  low  York. 
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glasB-stoppered  bottle  freed  from  ^^rease  with  cleaning  mixture.  Protect 
the  solution  from  evaporation,  duet,  anc*  reducing  vapors,  and  iceep  it 
in  the  dark  or  diffuse  li^^t.  If  in  time  manganese  dioxide  settles  out, 
refilter  the  solution  and  restandardire  it* 

If  0.0??  H  permanganate  is  recuired,  it  is  prepared  by  dilution 
of  0.1  ■  solution  with  a  good  grade  of  water.  The  dilute  solution 
should  be  prex>ared  Just  before  use  and  should  not  be  stored  for  any 
length  of  tiM,  because  of  the  relatively  rapid  rate  of  deterioration. 

?or  the  standardisation  of  the  above  0.1  17  solution,  the  follow^ 
ing  procedure  ie  described  in  the  provision  certificate  of  Analysis  of 
Standard  Sample  UOe  Sodium  Oxalate. 

Drying  -  Sample  Ko.  UOe  is  not  appreciably  h,vdroscopic. 

However,  for  an  accuracy  of  better  than  1  part  in  1000  the  sas^le  should 
be  dried  for  1  hour  at  105*  C. 

Standardiration  of  0.1  H  permanganate.  —  Transfer  0*3  g  of 
sodium  oxalate  (dried  at  105*  C)  to  a  600  ml  be?»ker.  Add  250  ml  of 
diluted  sulfuric  acid  (5  ♦  95)  previously  boiled  for  10  to  15  minutes 
and  then  cooled  at  27*  C  ♦  Stir  until  the  oxalate  has  dissolved. 

Add  39  to  Uo  ml  of  0.1  H  potassium  permanganate  at  a  rate  of  25  to  35 
ml  per  minute  ^ile  stirring  slowly.  Let  stand  until  the  pink  color 
disappears  (about  U5  seconds).  Heat  to  55*  ^0  60^  C  and  complete  the 
titration  by  adding  permanganate  until  a  faint  pink  color  persists  for 
30  seconds.  Add  the  last  0.5  to  1  ml  dropwise,  with  particular  care 
to  allow  the  solution  to  become  decolorized  before  the  next  drop  ie 
introduced. 

Determine  the  excess  of  permanganate  required  to  impart  the 
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p«rMn*Bt  pink  color  to  tho  oolutioa.  Ihi»  ma,  ko  tea*  tgr  mtttlag 
tho  color  kgr  addlac  porsoagoaftto  to  tho  oaao  rolaao  of  tho  ppooloUj 
troatod  dllato  oolforio  acid  at  55*  to  60*  0.  Thio  oorroetioa  moaoUp 
aaoaato  to  0.03  0*03 


Cmforron  Procialtatioa 

fho  prodpitatlea  hy  capforroa  lo  oztroaoljr  l^portaat  la  thlo 
Bothod.  ■dithoagh  tho  oeenlotoa  of  uraalaa  hjr  tho  aotal  capforratoo 
ia  aogligiblo  with  aodorato  aaovato,  tho  rotoatioa  ilooo  rozy  ahrvptly 
vlth  ozcooo  of  tho  etpforroa  roagoat,  roaoltinc  la  ao  aadi  aa  of 
tho  ozaalaa  hoiag  hold  with  30  al  ozoooa  of  tho  6%  roogoat.  fho 
oolatioa  ahonld  ho  ieo  cold,  with  aot  loaa  thoa  7*3)(  aar  aoro  thaa  lOi 
aiafhrle  acid  tgr  wolaao.  fho  proeipltetioa  ahoald  ho  aado  wozy  aloidy 
with  rlgoroao  atlrrlag,  allovlag  tlao  to  roaet  aad  floceolato.  Vlth 
praetleo  and  eara,  exeoa*  of  the  roageat  can  ho  awoldod.  fho  aotal 
eopforratos  are  allghtly  aolnhlo  oran  In  tho  waah  oolutlcn  ao  that 
too  thftrongfa  woahlng  of  tho  precipitate  ia  not  doolrahlo.  Vhon  tho 
precipitate  la  holky  and  roqalroa  eonaldorahlo  waahlng.  It  la  boat  to 
boll  down  the  filtrate,  aeotreying  the  reagent,  and  again  to  proelpitato 
with  a  aaall  aaonnt  of  ciqiferron  to  renoTO  tho  laattzaeeo  of  Iron  or 
wanadlna. 

fnaliijr  filtrate  after  Cqpforron  Precipitation 

VI trie  and  perchloric  aclda.  aa  wall  ao  tho  oxeoaa  ct^forren. 
aaat  he  reaoTed  fron  the  filtrate.  Coaplote  foaing  la  uanally  Indicated 
by  the  salting  oat  of  a  double  baale  solfato  of  alnalnna  and  aanganoae 
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which  it  bint  in  color. 

Rtdiction 

The  redactor  Haet  be  cleaned  and  renewed  freauently*  Of  the 
eleaento  that  pass  through  the  cv^ferron  precipitation  and  are  held 
up  in  the  redactor,  the  noet  comonly  encountered  are  arsenic,  copper 
and  teleniuB.  These  do  not  interfere  %rith  results  providing  they  are 
held  up  in  the  redactor.  However,  with  continued  use  of  the  redactor, 
they  will  gradually  work  do%m  through  with  some  mercury  as  the  zinc 
loses  its  amalgamation,  thereby  causing  high  results  with  fading  end 
points. 

Blank 

The  titration  indicator  solution  must  be  dispensed  with  the 
dropper  or  burette  alnays  in  the  same  position,  in  order  to  give 
drops  as  nearly  eoiial  in  volume  at  possible  for  all  determinations* 
The  blank  used  should  be  that  of  the  complete  method  and  not  only  of 
the  redactor  and  indicator  solution. 
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IXnWlKAITQN  or  in  OEBS  high  in  AltSENIC  AND  HEAl^Y  ?^TAL« 


Weigh  ft  2.0000  sample  of  the  ora  into  a  500  ml  Srlenmeyer  flask, 
add  20  nl  of  hydrochloric  acid  (ll  1)  and  10  ml  nitric  acid  (1^  !)• 
Boil  the  mirture  for  a  short  time  and  then  add  16  ml  of  sulfuric 
acid  (I'f  1)  •  Heat  on  the  hot  plate  until  I'umes  of  sulfur  trioxide 
are  evolved.  Cool,  wash  down  the  side  of  the  flask  with  water,  und 
add  20  ml  of  hydrobromio  acid  (I'f  1)  and  15  ml  of  hydrochloric  acid 
(lf"l)  and  heat  the  solution  again  until  sulfur  trioxido  fumes  are 
evolved.  Cool,  and  repeat  the  treatment  with  hydrochloric  acid  and 
hydrobromio  aoid  to  complete  the  removal  of  the  arsenic.  Cool  the 
flask,  wash  down  the  side  of  the  flask  with  water,  add  10  ml  of  nitrio 
aoid,  and  heat  again  until  eulfur  trioxido  fumes  are  evolved.  Fume 
the  solution  three  times  and  wash  down  the  sides  of  the  flask  each 
time  after  each  fuming. 

After  the  last  fxmiing,  add  90  ml  of  water,  and  heat  x.  e  solution 
to  boiling  to  dissolve  all  soluble  salt.  Filter  the  solution  dirough 
m  ^  Whatmain  filter  paper  and  wash  the  residue  through  with  hot 
Viater.  lAeeard  the  residue.  Evaporate  the  filtrate  to  a  volume  of 
100  ml  and  cool  to  room  temperature. 

An  apparatus  as  shown  in  the  illustration  is  used  for  the  mercurv 
cathode  purification. 

Poor  sufficient  mercury  throu^  the  leveling  bulo  into  a  Melvem 
electrolytic  cell  to  bring  the  mercury  level  of  the  cell  to  a  point  of 
CCitiinim  surface  area.  Transfer  the  filtrate  to  the  cell  and  wasli  out 
the  fladc  with  100  ml  pf  water  and  add  this  to  the  cell.  Coimect  the 


l6 


ABC!D-2640 


platimai  anod#  to  tho  pooltioa  wira^  and  Inaort  tho  oathodo  into 
tho  moroury  oolimn  of  tho  lorolling  bulb.  Inoort  tho  glass  stlrror 
so  that  tho  blado  just  brooks  tho  surfaop  of  tho  mercury  and  cover 
the  cell  with  a  split  watch  glass.  Eleotrolyso  tho  solution  for 
1  hour  at  a  ourront  of  approximately  b  amperes,  and  for  onp  hour  at 
a  ourront  of  2  amperes  with  continuous  stirring.  When  the  electrolyzing 
is  complete,  stop  the  stirrer,  and  drain  the  mercury  from  the  coll, 
leaving  a  portion  of  the  mercury  in  tho  stopcock  bore.  Drain  tho 
sample  into  a  800  ml  beaker,  close  the  stopoook,  and  wash  down  the 
cover  glass  and  cell  wall  with  20  ml  of  suliliric  acid  (it  49).  Return 
the  merouxv  to  the  cell  and  electrolyze  the  solution  for  5  minutes. 

Drain  tho  wash  solution  from  tho  cell  into  "che  800  nl  beaker  containing 
the  first  solution. 

Evaporate  the  electrolyzed  solution  to  a  low  volume  on  zhe  steam 
bath.  Add  6  ml  of  nitric  acid,  and  heat  the  solution  until  sulfur 
trioxide  fumes  are  evolved.  Cool,  add  loO  ml  of  waiter,  (leat  to 
dissolve  the  sample,  and  trismsfer  the  resulting  solution  to  a  500  ml 
Erlenmeyer  fladc.  Evaporate  the  solution  to  a  volume  of  90  ml,  add  a 
solution  of  potassium  pemanganata  until  the  solution  is  pink,  then 
oool  the  flask  and  contents  in  an  ice  bath  to  a  tcnporeture  belov/ 

5®C. 

Troiisfer  the  solution  quantitatively  to  a  300  ml  separatory 
funnel,  add  26  ml  of  B%  oupferron  and  shake  for  one  minute.  Add  25  ml 
of  chloroform  and  shake  tne  funnel  anci  contents  again  for  1  minute. 
Allow  the  layers  to  separate,  draw  off  the  chloroform  layer  into  a 
beaker  leaving  a  little  chloroform  in  the  funnel  to  prevent  any  loss 
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of  uranium  with  the  aqueous  layer.  Bspeat  the  extraction  with 
chloroform  until  the  chloroform  layer  is  pale  green  or  colorless. 

The  add  another  5  ml  of  the  cupferron  solution  and  shake.  If  the 
precipitate  is  white  and  does  not  impart  a  brown  color  to  the 
chloroform  layer  in  the  subsequent  extraction,  the  separation  of 
the  cupferride  is  conplete;  otherwise,  further  extraction  with 
chloroform  is  neoessaiy.  A  greenish  tinge  in  the  chloroform  layer, 
even  upon  complete  extraction,  is  due  to  excess  cupferron  being 
extractea  by  the  chloroforr.. 

Trmsfer  the  aqueous  layer  from  the  separator^/  funnel  to  the 
original  600  ml  Brlenmeyer  flask,  and  wash  the  funnel  twice  with 
portion  of  water.  Add  15  ml  nitric  acid,  and  a  few  glass  beads 
and  heat  the  solution  until  fumes  of  sulfur  trioxide  are  evolved, 
and  sulfuric  acid  refluxes  up  the  sides  of  the  flask.  Cool,  wash 
down  the  sides  of  the  flask  with  water,  add  1  ml  of  perchloric  aoid, 
and  heat  again  as  before.  Four  fumings  are  necessary  to  remove 
excess  nitric  aoid  and  the  organic  decomposition  products  of  the 
oupferronu 

Following  the  final  I'uming,  cool  the  sample,  add  50  ml  of 
water  and  he^t  to  dissolve  the  sample.  Add  2%  potassium  permanganate 
to  the  hot  solution  until  permanently  pink.  Cool  the  solution  in 
an  ice  bath  to  room  temperature,  and  pour  through  a  clean  Jones 
Itoduotor  at  the  rate  of  30  to  40  ml  per  minute.  Following  the 
sample,  pour  through  the  reductor  thirty  ml  portion  of  sulfuric 
acid(l+  19)  and  finally  three  thirty  ml  portion  of  water,  aa  a 


ah  solution. 
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Transfer  the  reduced  solution  to  a  600  al  heaker  Md  aerate 
for  13  alnutes.  At  the  end  of  this  tiae  wash  the  cower  glass,  aerator 
and  the  side  of  the  heaksr  with  water.  Add  20  al  of  a  freshlr 
prepared  solution  of  ferric  chloride,  stir,  than  add  15  al  of 
sulfurie<^hosphorle  acid  aixture,  and  finally  8  drops  of  dsphanylaalns 
indicator.  Titrate  with  the  standard  0*0270  ■  potasslna  dlchroaate, 
to  a  pemanent  purple  color. 

The  standard  potassiua  dlchronate  is  prepared  as  described 
in  the  method  for  determining  in  pitchblende. 


AE!CD-261fO 


19 


OBTXBMIKATIOK  07  USANION  1H  ORXS 
HIGH  IV  AHSEVIC  AND  HSA7T  K3TALS 

mririsD  pbocxiubs^ 

V«ic^  •  •uqplA  betveen  0.3  S  5*0  g.  df^eadio^  upon  the 
QXvaioa  content,  into  s  Uoo  al  beaker.  Add  10  ml  of  nitric  acid  (l  *  l) 

•ad  boat  to  boiling.  Add  12  al  of  eulfuric  acid  (l  -»■  1) ,  and  if  the  ore 

eontalne  andi  silica,  add  a  little  hydrofluoric  acid.  Heat  to  fuming 

and  fane  for  3  alnutes.  Cool,  add  30  ml  of  hvdrobromic  acid  (U8i(), 

vara  carefhlly  until  aost  of  the  bromine  has  been  driven  off,  and  again  heat 

to  fuaes  of  sulfur  trioxlde.  Cool,  wash  down  the  sides  of  the  beaker 

and  foaa  again  to  eliainate  any  traces  of  bromine.  Cool,  add  30  al  of 

nates  and  let  stand  until  the  lead  sulfate  and  silica  settle.  Filter 

i 

the  solution  and  wash  the  precipitate  with  cold  sulfuric  acid  (1  *  93) . 

Add  eaaoniuB  hydroxide  (1  1)  to  the  filtrate  until  it  is  just 

•lhallae  to  aethyl  orange.  Add  h.o  al  of  sulfuric  acid  (1  *  l)  and  dilute 
the  solution  to  100  ml.  Slectrolyse  the  solution  in  a  aodified  Melaven 
aareury  cathode  cell  for  30  ainntes  at  7  aaperes  and  7  volts. ^  Test  for 
the  eo^>lete  reaoval  of  Cu,  Vi.  Co,  and  7e  as  follovsi  Place  1  drop  of 
the  acid  test  solution  froa  the  electrolyse  cell,  1  drop  of  ll(  sine 
acetate  and  1  drop  of  aaaonina  aercury  thiocyanate  (8  graas  aereurie 
chloride  9  graas  aaaonina  thiocyante  -f  100  al  water)  in  a  depression 
on  a  white  porcelain  qpot-plate.  Mix  with  a  stirring  rod.  If  no  color 
results  then  Cu,  Vi,  Co  and  7e  have  been  eoapletely  reaoved  froa  the 
solution.  The  precipitate  of  sine  aercury  thiocyanate  is  colored  violet 
by  copper,  gray-green  by  nickel,  blue  by  cobalt  and  reddish-brown  by 
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With  the  current  still  flowing,  reoove  the  solution  froa  the  cell 
end  vaeh  the  mercury  with  ^  ml  of  sulfuric  acid  (1  99) •  Combine  the 

solution  end  washing  and,  if  necessary,  filter  them  through  a  fine  filter 
paper  with  the  addition  of  more  paper  pulp.  Wash  the  precipitate  with 
sulfuric  acid  (1  99).  Add  l6  oO.  of  sulfuric  acid  (l  •••  1)  and  evaporate 

to  100  ail. 

By  this  procedure  the  following  elements,  if  present,  are  quantitatively 
removed:  ?e,  Co,  Hi,  Cu,  Zn,  6a,  6e,  Bh,  Pd,  Ag,  Cd,  In,  Sn,  Ir,  Pt,  An, 

Eg,  Tl,  Cr,  Mo,  Re,  Po,  Bi,  As,  Se,  Te,  Pb,  and  Os.  The  elements  partially 
removed  are:  Mn,  Bn  and  Sb.3 

Heat  the  solution  nearly  to  boiling  end  add  yit  potassium  pemangnnate 
dropwise,  until  sli^tly  pink.  Cool  to  9  degrees  Centigrade  or  lower. 

Transfer  the  solution  to  a  600  ml,  pear~shaped,  separatory  funnel  and  add 
1^  ml  of  cold  cupferron  solution  until  a  white  precipitate  appears 
idiich  redissolves  quickly.  Extract  the  cupferrlds  with  I9  to  20  ml 
portions  of  chloroform  until  the  aqueous  layer  is  water^’idilte.  Add  another 
^  ml  of  eipferron.  The  precipitate  formed  should  be  idxite.  If  not, 
add  additional  cupferron  solution.  Xxtract  again  with  chloroform  until 
the  chloroform  layer  is  water-white.  This  procedure  separates  aexl valent 
TJ  froa  Cb,  Ta,  W,  Th,  Ce,  Ti,  T  and  Zr, 

Transfer  the  aqueous  layer  to  a  600  ml  beaker,  add  10  ml  of  con¬ 
centrated  nitric  acid  and  warm  gently  until  all  the  chloroform  is 
expelled.  Then  heat  until  sulfur  trioxide  fumes  are  evolved.  Cool,  wash 
down  the  sides  of  the  beaker  and  again  heat  to  fumes  of  sulfur  trioxide. 

Repeat  the  washing  and  fuming.  Add  2  ml  perchloric  acid  (60)()  and  again 
fume  strongly.  Wash  down  the  sides  of  the  beaker  and  fume  again. 
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Nitrates  should  now  be  absent.  Adjust  to  2  ml  sulfuric  acid,  cool  and 

dilute  to  50  bI.  To  ensure  absence  of  nitrates,  add  a  few  drops  of 

potassium  permanganate  (l  +  99)  until  the  solution  is  pink. 

Pass  the  sulfuric  acid  (h^)  solution  through  a  Jones  Redactor  at 
a  moderate  rate  and  wash  the  redactor  first  with  90  ml  sulfuric  acid 
(5  +  95)  then  with  9^  ml  of  distilled  water,  collecting  the  solution 
and  the  w^^shings  in  a  600  ml  beaker.  Aerate  the  solution  for  10  minutes 
by  using  an  8  inch  length  of  one-quarter  inch  glass  tubing  drawn  to  a 
fine  opening. 

Wash  the  tube,  watch-glass  and  the  sides  of  the  beaker  with  water. 
Add  ?5  0^  freshly  prepared  ferric  chloride,  I5  ml  phosphoric  acid- 

sulfuric  acid  mixture  (73  »1  phosphoric  acid  +  2?  ml  sulfuric  acid)  and 
8  drops  of  0*01  M  sodium  dlphenylaminesulphonate.  Titrate  with  a 
standard  potassium  dichromate  using  .02  N  for  low  grade  and  .05  N  for  high 
grade  ores  until  one  drop  changes  the  color  from  green  to  deep  violet. 

Ron  a  blank  and  deduct  this  value  from  the  titration  found. 

The  dichromate  solution  is  made  by  weighing  up  the  theoretical 
amount  of  the  volumetric  standard  grade  and  dissolving  in  cold  water. 

1  ml  •O5  potassium  dichromate  ■  .007018  gram  UjOg. 

It  has  been  found  that  the  blank  increases  as  the  volume  of 
dichroamte  is  increased.  To  allow  for  this  a  series  of  standard  uranium 
sulphate  solutions  are  titrated  with  potassium  dichromate  and  the  actual 
titration  value  is  plotted  against  the  number  of  milligrams  of  U^Og 
present*  A  straight  line  is  obtained  and  is  used  for  determining'  the 
11308  content  of  unknown  samples.  Thus,  no  blank  correction  needs  to 
be  applied  to  the  titration  value. 
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^  P.  T.  Popieal  ]td>ort  #6,  Bureau  of  Mines,  Canada 

2  Meroazjr  Cathode  Cell  for  Bapid  Bleetrolyels,  P,  T,  Bahhltts, 
AldLYTICdl  CBEMISIlOr.  Vol.  20,  P.  181. 

^  Outlinea  of  Methods  of  Chemical  Analysis,  Lundell  A  Hoffman, 
9^35*  117-118,  Wlloy  (1929). 


MOTSS 

Cleaning  the  Mercury 

Use  electrolytic  method  naklnc  nercnry  the  anode;  or  use  the 
method  deoci^hed  In  "Practical  Physical  Chemistry”,  A.  Plndlty,  p.  197, 
Loneman's,  7  Bdit.  (19‘^1)* 

Anolieatlon  of  Method 

The  method  can  he  applied  generally  since  It  removes  Cr,  HI, 

Co  and  other  Interferrinc  elements  vhich  remain  to  cause  difficulty 
after  the  usual  hydrogen  sulphlde-ctpferron  sepaxetlons.  Phosphate, 
sulphate  or  other  anions  do  not  Interfere. 


Electrolytic  Apparatua  used  at  Bureau  of  Mines.  Canada 
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COLORBIETBIC  DETEltMINATION  OF  U3O3 
CARKOTITES  AND  LOW  GRADE  PITCHBLE^S. 


Weigh  sufficient  sample  to  contain  betwen  5  and  20  mg 
of  U~0o.  Transfer  to  a  250  ml  beaker.  Add  25  ml  of  nitric 

O  O 

acid  (1+  1),  cover  with  a  water  glass  and  boil  for  about  6 
minutes.  Filter  through  a  #40  l/Wiatman  filter  paper.  Rinse 
the  beaker  and  wash  the  residue  with  hot  water.  Reserve  the 
filtrate. 

Place  the  filter  paper  and  contents  in  a  platinum  crucible 
and  bum  off  the  filter  paper.  Cool^  then  moisten  the  residue 
with  water  and  add  2  drops  of  sulfuric  acid  (14  1).  Fill  the 
crucible  3/4  full  with  hydrofluric  acid  and  heat  to  dryness 
on  a  hot  plate* 

Fuse  the  residue  with  3-5  grams  sodium  carbonate.  Swirl 
the  crucible  while  the  fVision  is  cooling.  Dissolve  the  fusion 
in  nitric  acid  (1+  1)  and  combine  with  the  filtrate  from  the 
original  solution. 

Heat  the  solution  to  boiling.  Precipitate  the  ^2^3 
with  ammonium  hydroxide  (H  1).  After  digestion  on  a  steam 
bath,  filter  through  a  #42  Whatanan  filter  paper.  Test  the 
filtrate  for  sulfate  ion  by  acidifying  with  hydrochloric 
acid  and  adding  barrium  chloride  solution.  If  sulfates  are 
present,  dissolve  the  ^0^  precipitate  with  hot  nitric  acid 
back  into  the  original  beaker.  Bring  the  solution  to  a  boil 
and  repeat  the  precipitation  as  laany  times  as  is  necessary 
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to  obtain  a  negative  test  for  the  aulfate  ion  in  the  filtrate. 

Evaporate  the  final  nitric  acid  solution  to  near  dryness 
and  dissolve  any  residue  in  40  ml  of  nitric  acid  (1+  4).  Saturate 
the  resulting  solution  with  amronium  nitrate  (about  60  grams  are 
required). 

Transfer  the  nitric  acid  solution  of  the  sample  saturated 
ivith  ammonium  nitirate  to  Part  A  of  the  continuous  extractor. 

Take  care  that  no  sample  is  lost  through  the  sidearm.  A  long 
stem  funnel  or  stirring  rod  must  be  used.  Some  solid  ammonium 
nitrate  should  be  present. 

Pour  ethyl  ether  into  the  thistle  tube  portion  of  the  frit, 
part  B  of  the  extractor.  The  ether  should  tend  to  form  a  column. 
Plaoe  part  B  in  position  with  the  frit  end  at  the  bottom. 

Use  oare  in  handling  ether.  Keep  away  from  flames.  No 
noking  in  laboratory  idiile  extractors  are  being  used. 

Fill  the  receiving  flask  (E)  1/3  full  with  water  and  add 
enough  ether  to  form  a  layer  1  inch  thick.  Attach  the  i^ceiving 
flask  (E)  to  the  extractor  (part  A)  as  in  the  figure.  Be  sure 
the  glass  stopper  is  in  plaoe  in  the  small  sidearm  on  part  A. 

Attach  the  column  C  to  part  A  as  in  the  figure.  This  part 
may  be  warmed  in  hot  water  to  hasten  the  start  of  the  extraction. 

Attach  the  condenser  (part  D)  as  in  the  figure  and  pass 
cold  water  through  it  continuously.  If  more  than  one  extractor 
is  being  used,  the  condensers  may  be  cooled  in  series  (up  through 
four  extractors). 
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Flao«  a  hot  imtor  bath  on  a  round  hot  plate  (set  at  "low") 
around  the  reoeivlng  flask  E« 

After  a  short  time  the  ether  froin  flask  E  will  reflux  froni 
condenser  D  and  drip  into  the  thistle*  tube  at  the  top  of  Part  B. 
The  ether  will  build  up  a  oolumn  auid  begin  to  pass  through  the 
glass  frit  in  tijoy  bubbles.  The  ether  layer  in  part  A  will 
overflow  into  the  receiving  flask  E.  Operate  as  rapidly  as 
possible  without  causing  the  ether  in  the  receiving  flask  to 
boil. 

After  about  15  minutes,  raise  the  column  C  and  stir  the 
water  solution  in  part  A  by  raising  and  lowering  part  3.  Re¬ 
peat  every  15  minutes. 

If  any  precipitates  form,  add  5  ml  of  concentrated  nitric 
acid  saturated  with  ammonium  nitrate  through  the  small  si  dearm 
opening  in  part  A. 

At  the  end  of  90  minutes  remove  the  water  bath  and  allow 
the  flask  E  to  cool.  Transfer  the  contents  of  the  flask  to  a 
400  ml  beaker.  Rinse  the  fla^  with  most  of  the  ether  layer 
from  extractor  part  A  and  add  to  the  beaker.  Wash  the  flask 
once  with  water,  adding  the  wash  to  the  beaker,  and  then  place 
in  the  steam  bath  and  evaporate  to  dryness. 

Wash  down  the  sides  of  the  beaker  with  about  15  ml  of 
nitric  acid  (1+  1).  Add  1  ml  perchloric  acid;  3  ml  sulfuric 
acid  and  some  glass  beads.  Cover  beaker  with  a  spoedyvap 
watch  glass  and  heat  to  fumes  of  sulfur  trioxide.  Allow  the 
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sulfuric  acid  to  reflux  halfway  up  the  sides  of  the  beedier 
before  removing  from  the  hot  plate.  Cool. 

Rinse  the  cover  and  sides  of  the  beaker  with  not  more 
t’lan  75  ml  of  water.  Keutralize  with  sodium  hydroxide  (1*1  1) 
t!ien  add  5  ml  of  sodium  hydroxide  (li  1)  in  excess.  Dilute  to 
a  volume  of  100  ml  and  add  about  0.5  g  sodium  peroxide.  Stir 
and  filter  through  a  double  ’batman  filter  paper  into  a 
200  ml  Erlenmeyer  flask.  Cover  with  a  small  Yreitch  glass  and 
bring  just  to  a  boil  to  destroy  the  vanadium  color.  C!ool  to 
room  temperature  gradually. 

Read  the  percent  transmittancy  with  a  Coleman  or  a  Beok- 
man  spectrophotometer  at  a  wave  len::th  of  425  mu.  With  a 
Beckman  spectrophotometer,  use  2  cm  cells  at  the  same  wave 
length.  Develop  the  color  with  known  quantities  of  to 

obtain  a  transmittancy-concentration  curve  from  wdiioh  the 
amount  of  in  the  sample  can  be  obtained. 
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COLOHIMETHIC  IKTERMimiCN  OF  U^Og  IN  SHALES 

Yfeigti  tuff  1  dent  saaiple  to  contain  between  200  and  600  micrograme 
of  TIjOg  Md  transfer  it  to  a  snail  porcelain  dish*  Ignite  the  dish  and 
content  in  a  furnace,  tempera ture  not  to  exceed  700®  C  until  all 
carbonaceous  naterial  is  destroyed.  Transfer  the  ignited  sao^le  to  a 
platinum  crudble.  add  3  €  of  sodium  carbonate  and  fuse  for  30  minutes. 
Cool  the  crucible  and  contents,  place  in  a  beaker  containing  30  ml  of 
nitric  acid  (l  1).  Warm  the  resulting  solution  and  filter  through  a 
#h2  Whatman  filter  paper.  Wash  the  p?per  residue  through  with  hot 
water.  Reserve  the  filtrate.  Ignite  the  paper  and  residue  in  a 
platinum  crucible  until  the  filter  paper  is  destroyed.  Cool  the  crucible, 
moisten  the  residue  with  two  to  four  drops  of  sulfuric  acid  (1  ^  l). 

Place  crucible  on  a  hot  plate,  fill  2/3  full  of  hydrofluoric  acid  and 
evaporate  to  dryness* 

fuse  the  hydrofluoric  acid  residue  with  3  €  of  sodium  carbonate. 
DissolTe  the  cool  melt  in  Uo  ml  of  nitric  acid  (l  ^  I)  and  combine  with 
the  filtrate  from  the  original  nitric  acid  treatment* 

Heat  the  solution  almost  to  boiling,  and  while  still  hot, 
precipitate  the  R2P3  group  with  ammonium  hydroxide  (1  1).  Allow  the 

precipitate  to  settle  and  then  filter  the  solution  throiigh  a  Whatman 
#U2  filter  paper.  Test  the  filtrate  for  sulfate  ion  by  transferring  s 
portion  to  a  test  tube,  acidifying  with  HCl  and  adding  barium  chloride 
(I0)t)*  Xf  sulfate  ion  is  present,  as  shown  by  the  BaSOi^  precipitate, 
dissolve  the  hydroxide  from  the  paper  with  hot  nitric  acid  (l  ^  l)»  and 
repeat  the  ammonium  hydroxide  precipitate  as  many  times  as  is  neceesnry 
to  obtain  a  negative  test  for  tho  sulfato  ion. 
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BisflOlT#  the  final  aamoniua  hydroxide  precipitate  with  hot  nitric 
acid  (l  +  l)  and  evaporate  the  solution  alnoet  to  dryneee  on  the  eteasi 
bath  and  add  Uo  al  of  nitric  acid  (1  +  5)*  To  the  solution  add  5  « 
ferric  nitrate  to  conplez  the  phosphatee  present*  and  enough  amsonium 
nitrate  to  saturate  the  solution* 

Transfer  the  nitric  acid  solution  of  the  sajsple  saturated  with 
HH4^3  to  Part  A  of  the  continuous  extractor*  Take  care  that  no 
sample  is  lost  throu^  the  side  am.  A  long  stem  funnel  or  stirring  rod 
must  be  used.  Some  solid  HHhK03  should  be  present*  ‘ 

Pour  ethyl  ether  into  the  thistle  tube  portion  of  the  frit*  Part 
B  of  the  extractor.  The  ether  should  tend  to  form  a  coluiisxs.  Place 
Part  B  in  positloa  %dth  the  frit  end  at  the  bottom. 

Pill  the  receiving  flask  (E)  I/3  full  with  water  and  add  enough 
ether  to  form  a  layer  one  inch  thick.  Attach  the  receiving  flask  (E) 
to  the  extractor.  (Part  A)  as  in  the  figure.  Be  sure  the  glass  stopper 
is  in  place  in  the  small  side  am  on  Part  A* 

Attach  the  column  C  to  Part  A  as  in  the  figure.  This  part  may 
be  warmed  in  hot  water  to  hasten  the  start  of  the  extraction. 

Attach  the  condenser  (Part  D)  as  in  the  figure  and  pass  cold 
water  through  it  continuously.  If  more  than  one  extractor  Is  being 
used*  the  condensers  may  be  cooled  in  series  (up  through  four  extractors.) 

Place  a  hot  water  bath  on  a  round  hot  plate  set  at  low  heat  around 
the  receiving  flask  (E) .  After  a  short  time  the  ether  from  flask  (E) 
will  reflux  from  condenser  (D)  and  drip  into  the  thietle  tube  at  the  top 
of  Part  B.  The  ether  will  build  up  a  column  and  begin  to  pass  through 
the  glass  frit  in  tiny  bubbles.  The  ether  layer  in  Part  A  vdll  overflow 
into  the  receiving  flask  (E)  .  Operate  as  rapidly  as  possible  without 
causing  the  ether  in  the  flask  (E)  to  boll. 
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After  p’^out  15  Blnutes,  ralee  the  colunn  (C)  stir  the  vater 
solution  In  Part  A  hy  raising  and  lowering  Part  B.  Repeat  every  15 
minutes.  If  any  precipitates  form,  add  5  ml  of  concentrated  HKO3  eaturated 
with  through  the  email  eld*  arm  opening  in  Part  A. 

At  the  end  of  90  minutes,  remove  the  water  hath  and  allow  the  flash 
(1)  to  cool.  Transfer  the  contents  of  the  flask  (E)  to  a  UoO  ml  hsaker* 
Rinse  the  flask  (E)  with  most  of  the  ether  Isyer  from  extractor  Part  A 
and  add  to  the  heaker.  Vash  the  flask  once  with  water,  adding  the  wash 
to  the  heaker,  and  then  place  in  the  steam  hath  and  evaporate  to  dryness. 

Wash  down  the  side  of  the  heaker  with  15  ml  of  nitric  acid  (l  +  9). 
add  about  10  glass  heads,  1  mi  of  perchloric  acid  (70^)  and  2  ml  of 
concentrated  sulfuric  acid.  Cover  with  a  speedyvap  and  heat  until  SOj 
fumes  are  evolved.  Continue  the  beating  until  the  sulfuric  acid  refluxes 
halfway  up  the  side  of  the  heaker.  Cool,  rinse  down  the  side  of  the 
heaker  and  %»atch  ^ass  with  not  more  than  30  water.  M^ks  the 

solution  subtly  alkaline  with  sodium  hydoxlde  (1  -f  1),  and  add  1  ml  of 
10^  sodium  peroxide  solution.  Transfer  to  a  50  ml  volumetric  flask. 

Add  2.5  ml  of  sodium  hydroxide  (l  +  l)  and  dilute  to  volusw  with  i«ter. 
Transfer  the  water  solution  hack  to  the  original  heaker,  and  filter  the 
solution  through  a  dry  #40  Whatman  filter  paper  into  a  dry  Srlenmeyer 
flask. 

Bead  percent  transmission  with  a  Beckman  spectr^ho toaster  in  10 
cm  cells  at  a  wave  length  of  390  au  and  a  slit  width  of  .03  aa.  Bead 
saaq>les  against  HgO  and  substract  amount  of  OjfOg  in  blank.  Determine 
aaonnt  of  present  from  a  transmittaney-coneent ration  curve  obtained 

by  developing  the  color  with  known  aaonnt  of  uraniua  present. 
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COLOHIKSTHIC  I2rPB3MIKA.TIOK  OF 
UjOg  ra  PKOSPHA.TSS 

Weigh  eufficient  sample  to  contain  POO  to  600  microgramB  of 
Transfer  to  a  250  ml  heaker.  Add  Uo  ml  nitric  acid  (l  +  !)• 
Boil  for  ahoat  5  minutec,  dilute  with  water  and  filter  throu^  a  #42 
Whatman  filter  paper.  Eeserre  the  filtrate.  Ignite  the  paper  and 
residue  in  a  platinum  crucible  until  the  filter  paper  is  destroyed. 
Cool  the  crucible,  moisten  the  residue  with  2  to  4  drops  of  sulfuric 
acid  (1  +  1).  Place  the  crucible  on  a  hot  plate,  fill  2/3  full  of 
hydrofluric  acid  and  ewaporate  to  dryness. 

Fuse  the  hydrofluoric  acid  residue  %dth  ^  g  of  sodium  carbonate. 
Dissolre  the  cool  melt  in  4o  ml  of  nitric  acid  (l  +  l)  and  combine 
with  the  filtrate  from  the  original  nitric  acid  treetaicnt. 

Add  25  ■€  of  ferric  nitrate  to  the  combined  filtrates  to  act 
as  a  carrier  for  the  group.  Heat  the  solution  almost  to  boiling, 

and  while  still  hot,  precipitate  the  H2^3  group  with  ammonium 
hydroxida  (l  ^  !)•  Allow  the  precipitate  to  settle  and  then  filter 
the  solution  throui^  a  Whatman  #42  filter  paper.  Test  the  filtrate 
for  sulfate  ion  by  trsuisferring  a  portion  to  a  test  tube,  acidfying 
with  HOI  ^d  adding  barium  chloride  (10^).  If  sulfate  ion  is  present, 
as  shown  by  the  BaSO^  precipitate,  dissolve  the  hydroxide  from  the 
paper  with  hot  nitric  acid  (1  ♦  l),  and  repeat  the  ammonium  hydroxide 
precipitate  as  many  times  as  is  necessary  to  obtain  a  negative  test 
for  the  sulfate  ion  in  the  filtrate. 

Dissolve  tho  final  ammonium  hydrozido  precipitate  with  hot 
nitric  acid  (1  l)  and  svsporate  the  solution  almost  to  dryness  on 
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tiM  atM  bath  mad  add  4o  aiL  »f  aitrle  aoid  (I  *  5)  •  tba  aelatioa 

add  5  c  farrie  nitrata  to  eoaplaz  tba  pheaphataa  praaaat,  and  onooch 
aaanninn  aitrata  to  aatoxata  tha  aolatioa. 

Vzanafar  tba  aitrle  aeld  aolatioa  of  tha  aaapla  aataratad  with 
aaaoalaa  altrata  to  Fart  A  of  tha  eoatlaaoas  axtiaetor.  Taka  eara  that 
ao  aaapla  la  loot  thzea4^  tha  aldaaza.  A  loa^  ataa  faaaal  or  atlrrlac 
rod  aaat  ba  aaad.  Soaa  aolld  aaaoalaa  altrata  ahoald  ba  praaaat. 

Poar  atfapl  athar  lato  tha  thlatla  taba  portion  of  tha  frit,  part  B 
of  tha  aztraetor.  Tha  athar  ahoald  toad  to  fora  a  oolaan,  plaoa  part  B 
la  position  with  tha  frit  aad  at  tha  bottoa. 

Fill  tha  racalTla*  flask,  (l),  1/3  f'oll  with  watar  and  add  aaoai^ 
athar  to  fora  a  layer  1  inOh  thick.  Attach  tha  receiTlB«;  flask  (X)  to 
tha  aztraetor  (part  A)  as  in  the  flgare.  Ba  sara  tha  glass  stoppar  Is 
In  place  in  tha  saall  sldaarm  on  Part  A. 

Attach  tha  coloan  C  to  part  A  as  in  tha  figara.  This  part  asy  ba 
waraad  in  hot  watar  to  baetan  the  start  of  the  extraction. 

Attach  tha  condenser  (part  B)  as  In  tha  f Igora  and  pass  cold 
watar  throngh  It  continuously.  If  nora  than  one  extractor  Is  being 
used,  the  condansars  aay  ba  cooled  in  sariet  (up  throu^  four  extractors). 

Place  a  hot  watar  bath  on  a  round  hot  plate  sat  at  low  heat, 
around  tba  racaiTing  flask  (X). 

After  a  short  time  the  ether  from  flask  X  will  reflux  from 
condenser  B  and  drip  into  the  thistle  tube  at  the  top  of  Part  B.  The 
ether  will  build  up  a  eoluan  aad  begin  to  pass  through  the  glass  frit 
in  tiny  bubbles.  The  ether  layer  in  part  A  will  orarflow  into  the 
recelTing  flask  X.  Operate  as  rapidly  as  possible  without  causing 
the  ether  in  the  receirlng  flaek  to  boll. 
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After  about  15  mlnutee,  reiee  the  coluan  C  and  ttir  the  i«ter 
solution  in  part  A  by  raising  and  lowering  part  B.  Repeat  every  I5 
■Inutes. 

If  any  precipitates  fora,  add  5  al  of  concentrated  HBO^  saturated 
with  HBhl03  through  the  eaall  eldeara  opening  in  Part  A. 

At  the  end  of  90  ainutee  reaoTS  the  ^ter  bath  and  allow  the 
flask  S  to  cool.  Transfer  the  contents  of  the  flask  to  a  UOO  al 
beaker.  Hlnse  the  flask  with  aost  of  the  ether  layer  froa  extractor 
part  A  and  add  to  the  beaker.  Wash  the  flask  once  with  water,  adding 
the  wash  to  the  beaker,  and  then  place  In  the  steaa  bath  and  evaporate 
to  dryness. 

Vgsh  dom  the  side  of  the  beaker  with  15  al  of  nitric  acid  (1  *  9), 
add  about  10  ^ass  beads,  1  al  of  perchloric  acid  (70)0  and  2  al  of 
sulfuric  acid.  Cover  with  a  speedyvsp  and  heat  until  t  trioxide 

fuaes  are  evolved.  Continue  the  heating  until  the  sulfuric  acid 
refluxes  half-way  the  side  of  the  beaker.  Cool,  rinse  down  the  side 
of  the  beaker  and  watdi  glass  with  not  acre  than  30  al  water.  Make  the 
solution  subtly  alkaline  with  sodiua  hydoxide  (1  1),  and  add  1  al 

of  10)(  sodiua  peroxide  solution.  Transfer  to  a  50  al  voluaetric  flask. 
Add  2.5  al  sodiua  hydoxido  (1  *  1)  and  dilute  to  voluae  with  water. 
Txanafer  the  water  solution  back  to  the  original  beaker  and  filter  the 
solution  through  a  dry  #tO  Vhataan  filter  paper  into  a  dry  Xrlenaeyer 
flask. 

Bead  i>ereent  transaission  with  a  Beckaan  speotrophotoaeter  in 

10  ca  cells  at  a  wave  length  of  390  an  and  a  slit  width  of  .03  an. 

Bead  saaq)les  against  water  auid  substract  aaount  of  in  blank. 

Peteraine  aaount  of  V^Og  present  froa  a  transaittancy  -  concentration 

curve  obtained  by  developing  the  color  with  known  aaount  of  uranlua 

present. 
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DETEHWINATIOH  OF  UHANmi  IK  LOW  GHADE  OlffiS  AIID  SA2TDS 
FLUORI’.'ETiilC  METi'ODS. 

Tha  methods  described  here  have  been  extensively  used  for  the 
quantitative  analysis  of  traces  of  ur-anium  in  lov  grade  ores,  sands, 
soils  and  a  variety  of  other  materials*  The  yellow  fluorescence  of 
uranium  in  fused  sodium  fluoride  under  ultraviolet  light  is  intense 
and  reproducible.  A  Hanovia  type  mercury  vapor  lamp  which  produces 
light  rich  in  the  3650  mercury'  line  is  suitable  for  excitation 
and  preferable  to  shorter  wave  lengtli  sources  which  may  excite 
interf erring  fluorescence.  Riosphor  discs  are  made  from  a  fusion 
mixture  of  sodium  fluoride  and  sodium  and  potassium  carbonates 
which  has  the  advantage  of  a  lower  melting  temperature  than  sodium 
fluoride  alone.  Coming  glass  filters  are  used  to  isolate  the 
desired  exciting  wavelengths  and  to  eliminate  reflected  ultraviolet 
light  from  the  fluorescent  light.  Interferences  from  foreign  ions 
such  as  iron,  chromium,  manganese  and  copper,  idiich  inhibit  the 
fluorescence  are  eliminated  by  extraction  of  the  uraoiyl  nit  irate 
with  ethyl  acetate  or  by  the  dilution  technique  which  jrelies  on 
reducing  the  quenching  elements  by  the  use  of  a  sufficiently  small 
sample  for  analysis. 

!•  Apparatus*  The  apparatus  is  identical  to  the  Model  R  Fluori- 
meter^  with  the  exception  that  a  special  photomultiplier  search 
unit  may,  depending  on  the  procedure  used,  replace  the  search  \init 
described  for  this  Model.  The  sensitivity  of  the  instrument,  when 

a  Report  C-4«381«4,  March  11,  1946,  Charles  F.  Coleman. 
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provided  i»ith  the  photomultiplier  search  uxiit,  is  stated  to  be 
more  than  1,000  times  higher  than  the  sensitivity  of  the  Photo¬ 
volt  standard  Model  512  search  unit* 

A  systematic  diagram  of  the  instrument  is  shorn  in  Figure 
!•  The  construction  dravrings  of  the  fluorimeter  and  the  principal 
accessories  are  reproductions  of  those  in  the  aforementioned  report* 
accompanying  photographs  are  of  the  instrument  and  other  laboratory 
equipment  mentioned  in  the  procedures  as  used  at  the  National  Bu- 


reau  of  Standards.  A  set  of  instructions  for  operation  of  the 

Photovolt  photometer  is  also  included. 

The  errors  caused  by  voltage  changes,  causing  the  incident 

light  to  change  in  intensity,  are  eliminated  by  use  of  a  voltage 

stabiliser. 

Materials  Used  in  Construction  of  Model  R  Fluorimeter. 

Drawing  No. 

()iantity 

IVWI 

Type  of  Material 

I 

1 

Center  Block 

Wood 

II 

1 

Sa.ide 

ft 

III 

1 

Ihotoeell  Holder 

#) 

IV 

1 

Holder  Support 

V 

1 

Spring  Guide 

u 

VI 

1 

Guide  Bar 

f1 

VII 

1 

End  Bar 

f) 

VIII 

1 

Tranaite  Plate 

tranaite 

IZ 

2 

Guides 

Braes 

z 

1 

• 

Spacer 

ft 

The 
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Drawing  No» 
XE 

m 

mi 

XEV 

XV 

XVI 

IVII 

XVIII 


Quantity 

1 

1 

1 

1 

1 

1 


Item 

Shutter 
Clip 
Spring 
Slide  Cover 
Base 

U.V.  Filter,  Coming 


Type  of  Mateidal 
Brass 

II 

Bronze  or  steel 
Wood 

II 


#  587  (365  mu)  Glass 


1  Yellow  Filter,  Coming 

^  3486  (  530  mu  and  above) 
1  Blue  Filter,  Coming 


^  9780  (mainly  below  600  niu)" 


4 

1/2 

f! 

#6 

RH  machine 

screws 

a 

3/4 

fl 

fl 

It 

11 

2 

3/4 

O 

II 

11 

wood  screws 

13 

1  1/4 

fl 

II 

tl 

fl 

fl 

10 

1/2 

V 

f) 

FH 

ft 

II 

8 

1 

11 

fl 

ft 

II 

I) 

4 

1/2 

II 

#e 

BH 

fl 

II 

4 

2  1/2 

tl 

II 

II 

II 

II 

1  Fhotometeri  Photovolt  Model  512  with  photocell 
1  Fhotovolt  Photomultiplier  Search  Unit 

Photovolt  Corporation,  95  Madison  Avenue, 

New  York  16,  New  York 

1  Ultraviolet  Lamps  Hanovia  Type  16200  with  holder 
for  3  1/4”  filter*  Hanovia  Ghem*  Co*, Newark, N*J« 
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Quantity  Item 

1  Sola  Constant  Voltage  Tranaforaers  Cat.  No. 30213 
Volts  115,  Mps.  2.6,  Freq.  60,  Prt.  Volts  95  to 
125.  Sola  Electric  Co.,  Chicago, Ill. 


0.060*  brass 
two  plsoss 


IZ.  ODIDBS 


'^Bolss  to  Batch  and  to 
Batch  holes  in 
Transito  Plats  (VIII). 


0.030"  brai 
CBS  plsoss 

X.  sPAcns 


(Seals:  1) 


Kl 


ClMorano#  at 
•houldar  rniat 
ba  0.020**^ 0.002". 


PIUORnCBRI  DISHIS 


S/l6"  prasawoodj  sand  to  fit 
paint  with  India  ink 
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1  l/S"  dla. ,  through  block 
2”  dl«t.  1/2"  doop 


(SMlO:  l/Z) 


1/4”  tranaita 
our  pieoo 
paint  flat  blaok 


▼IIX.  TRAISITK  PUTS 


(Soala:  1) 


1  S/S*  dU. 
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3/l6" 


O.OSO"  brass 
pises 
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to  center  Block  (I)  with  4  ff6  FH  screws  (1/2"),  with  2  ^6  RM  machine  screws.  Guides  and  Spacers 

Photooell  Holder  (III)  to  (l)  with  I  #6  PH  (IX  and  X)  to  (TUI)  with  4  j?8  BH  machine  screwa 

screws  (1/8"),  and  (l)  through  CoTor  and  (l/*"),  and  (VIII)  through  (IX)  and  (X)  to 

guide  bars  to  base  with  4  #6  RH  so.  ews  (2  1/2").  Center  Block  (I)  with  4  #6  RH  (wood)  screws 
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(▼) 

(X?) 


holea  for  4  f|6  RH 
vood  acrawa  (2l/2") 
to  attach  Center 


Block  (I) 


holea  for  9  #6 
RB  wood  screve 
(l  1/4")  to 
attach  Slide 
Cover 


7  1/2" 


(Baoe,  XT 


5/4”  plywood,  12 
on#  piooe 
paint  flat  black 
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II.  Ethyl  Acetate  Extraction  Method. 

Solution  of  Samples.  Mix  thoroughly  n  finely  ground  aocurately 
weighed  sample  (0.1000  or  0.2000  grams)  of  the  ore  containing  10 
to  50  mierograms  of  uranium  with  3.00  grams  of  Ha^OO^  -  ^2^5 
(lt2  fusion  mixture)  in  a  100  ml.  platinum  dish.  Fuse  the  sample 
over  a  blast  Meker  burner.  Decompose  the  carbonates  by  adding 
10  ml.  of  water,  covering  tiie  dish  with  a  watoh  glass  and  forcing 
5  ml.  of  HgSO^  (l-f  1)  under  the  watoh  glass  from  a  pipette.  After 
the  reaction  has  ceased,  remove  the  watch  glass,  and  wadi  back  into 
the  solution  any  adhering  liquid.  Add  10  ml.  of  48^  hydrofluoric 
acid  and  evaporate  the  solution  as  far  as  possible  on  a  steam  bath. 
Transfer  the  sample  to  a  hot  plate  and  heat  until  fUmes  evolve. 

When  fuming  begins,  remove  the  sasqple  and  fuse  over  a  Meker  burner. 
Apply  the  heat  carefully  until  the  clear  liquid  solidifies.  Cool 
and  add  5  ml.  of  concentrated  HNO3  and  30  to  35  ml*  of  water. 

Place  the  sample  on  a  steam  bath  emd  stir  oocassionally  with  a 
glass  rod  until  solution  is  complete.  Cool,  transfer  to  a  100  ml. 
volumetric  flask  and  make  to  volume. 

Preparation  of  Blanks  and  Standards.  Prepare  a  blank  by  carrying 
3.00  grams  of  the  carbonates  through  the  procedure  as  for  solution 
of  the  sample.  Prepare  three  standards  by  adding  2,  4  and  8  ml. 
of  a  standard  uranium  solution,  vdiich  contains  5  mierograms  of 
urajiium  per  1  ml.,  to  three  respective  100  ml.  platinum  dishes. 
Evaporate  the  solutions  to  dr^ess  emd  carry  through  the  same 
procedure  as  for  the  sample. 
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Extraction  with  Ethyl  Acetate,  Pipet  10  ml.  aliquots  of  the 
sample,  blank  and  standards  into  50  ml.  pyrex  glass  graduated 
centrifuge  tubes.  Add  1  ml.  of  an  aluminum  nitrate  solution, 
idiioh  contains  20  milligrams  of  Al*  ^  ion,  to  each  tube.  Adjust 
the  volumes  to  dS  or  40  ml.  and  precipitate  the  hydroxides  with 
excess  ammonium  hydroxide.  Use  platinum  rods  of  2  mn.  in  diameter 
and  160  mn.  in  length  to  stir  the  solutions  during  precipitation. 
Centrifuge  the  samples  and  discard  the  liquid  portions.  Dissolve 
the  hydroxides  with  1  or  2  ml.  of  concentrated  HNOg  and  again  ad¬ 
just  the  volumes  to  35  or  40  ml.  Bepreoipitate  the  hydroxides 
with  excess  ammonium  hydroxide.  Centrifuge  and  discard  the  liquid 
portions.  Ihe  second  precipitation  is  necessary  to  free  the 
sample  of  any  sulfate  ion^  whioh^  if  present  in  more  than  small 
quantities,  interferas  with  the  extraction  of  uranium.  Dissolve 
the  precipitate  with  1  ml.  of  (l4  1)  and  add  9.0  grams  of 

llg  crystals  to  each  tube.  Adjust  the  volumes  to  10.0 

ml.  with  water  and  dissolve  the  salts  by  heating  gently  over  a 
M^er  burner.  Mix  the  solution  thoroughly  and  allow  to  oool.  If 
necessary  readjust  the  volumes  to  10.0  ml.  Add  exactly  5.00  ml.  of 
ethyl  acetate  to  each  tube.  Stopper  the  tubes  with  rubber 
stoppers*  and  shake  vigorously  for  2  minutes.  OantrifUge  the 
*lhbber  stoppers  must  generally  bo  cleaned  prior  to  use,  since 
a  yellow  aabataaoe,  probably  sulfUr,  extracts  fron  the  rubber. 

T6  clean,  plaee  stoppers  in  a  jar,  cover  with  ethyl  adetate, 
shake  5  to  10  minutes  and  allow  to  soak  overnight.  Bnaove  and 
Aake  Him  stcq^rs  in  fresh  el^yl  aeetate  for  5  minutes,  remove 
and  use. 
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saaplee  with  stoppers  intacto  Draw  off  1*00  ml*  aliquots  and 
transfer  to  gold  dishes  resting  on  a  stfind  having  two  parallel 
niohrome  rods*  In  a  draft  free  room,  ignite  a  toothpick  and 
bring  the  flame  to  vrithin  1/2  to  1/4  inch  of  the  ethyl  acetate 
surface  and  v^en  the  acetate  vapor  Ignites  spontaneously,  quickly 
withdraw  the  flame*  Pipet  and  ignite  each  sample  singly*  After 
the  acetate  has  burned  off,  ignite  any  carbon  residue  by  placing 
the  flame  of  a  Maker  burner  under  the  gold  dish* 

Preparation  of  Flux  and  Phosphor*  The  preparation  of  the  flux  is 
as  followBs  lIlBigh  24*0  grams  of  ^200^  -  ^2^3  fusion  mix¬ 

ture)  and  6*0  grams  of  NaF  into  a  100  ml*  platinum  dish*  (it  is 
understood  that  all  dishes  and  glassware  used  throughout  the 
procedure  are  thoroughly  clean)*  Mix  the  salts  thoroughly  and 
fuse  over  a  Ueker  burner*  TOien  a  clear  homogeneous  solution  re¬ 
sults,  quickly  place  the  dish  in  a  shallow  pan  of  cold  water* 
Transfer  the  melt,  which  is  easily  removed,  to  a  clean  mojrtar  and 
break  up  into  small  pieces  about  1/4  inch  square  by  gently  tapping 
with  a  pestle*  The  flux  can  be  kept  indefinitely  in  an  oven  at 
llO^C. 

Prepare  the  phosphor  by  weighing  out  2*50  grams  of  the  flux 
on  a  small  torsion  balance  and  transfer  to  the  gold  dish  which 
contains  the  uranium*  Clasp  the  bowl  of  the  gold  dish  with  a  pair 
of  niohrome  omoible  tongs  and  fuse  the  salts  over  ^e  fUll  flsae 
of  a  Meker  burner  for  exactly  2  minutes*  About  1  minute  is  rsquired 
for  the  complete  melting  of  the  flux  and  during  the  remaining  time 
slightly  tilt  the  di^  and  roll  the  melt  around  the  rim  surface  of 
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th«  dldi«  At  the  end  of  'ttio  tine  period  drain  the  Mlt  back  into 
the  bovl  of  tiie  did&«  FLaoe  the  tongs,  vi^  the  gold  dish,  at 
rest  in  a  lerel  position  and  allow  the  welt  to  solidify  undisturbed* 
When  cool,  remowe  the  discs  rraa  the  gola  dishea* 

Reading  the  Ihosj^ors*  Use^  only  two  oiroular  recesses  of  the  fluori 
Mter  slide,  one  for  the  blaxdc  and  the  other  for  the  standards  and 
the  sauries*  Insert  the  blank  in  one  recess  and  the  hi^  standard, 
prepared  fron  the  solution  containing  40  mierograms  of  uranium  , 
in  the  other  recess*  By  manipulation  of  the  shutter  and  the  wide 
range  sero  screw,  adjust  the  light  intensity  so  as  to  have  the 
hi^  standard  read  80  on  the  Lo  scale  and  the  blaidc  0  on  the  Lo 
scale*  Replace  the  hi^  standard  by  the  other  two  standards,  which 
will  read  if  properly  prepared,  respectively  20  and  40  on  the  Lo 
scale*  Readings  should  not  vary  more  than  1  or  2  divisions  on  the 
galvanometer  from  the  expected  readings*  After  adjustment  of  the 
instrument  for  the  standards,  read  the  samples*  Keep  a  cheek  on 
the  sero  setting  of  the  blank  and  readjust  when  necessary*  A  com¬ 
plete  set  of  8  samples  can  be  rapidly  read  before  any  drift  is 
noticed  in  the  zero  setting*  Calculate  the  percentage  uranium 
from  the  standard  readings* 

The  standard  samples  need  not  be  prepared  each  day  if  there 
is  no  change  in  the  reagents*  The  standards  appear  to  keep  well 
for  about  three  or  four  days  if  stored  in  Petri  dishes  in  an  oven 
maintained  at  110^  -  115^0* 
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III>  Direct  Method. 

Solution  of  Sample 

Some  as  for  Ethyl  Aoetate  Extraction  Method, 

Preparation  of  Blanks  and  Standards 

Same  as  for  Ethyl  Aoetate  Extraction  Method, 

Method 

Depending  upon  interferrihg  ion  concentration,  analysis 
are  made  using  1,00  ml.  or  0,075  ml,  aliquots  from  the  standards 
and  samples  containing  10  to  50  micrograms  of  uranium  per  100  ml* 
Pipet  the  sdiquots  on  to  the  gold  dishes  and  evaporate  to  dryness 
under  an  infra-red  lamp.  Prepare  and  read  the  phosphor  discs  as 
directed  in  the  Extraction  Method. 

Prepare  new  phosphor  standards  each  day  by  evaporation  of  the 
desired  aliquot  from  the  originally  prepared  standard  solutions* 

It  is  only  necessary  to  prepare  entirely  new  standard  solutions 
where  there  is  a  change  in  the  z*eagents  and  then  only  one  standard 
solution  need  be  prepared  and  checked  against  the  older  solutions* 
If  there  is  a  noticeable  change  due  to  the  reagents,  prepare  an 
entirely  new  set  of  standard  and  blanks. 

Make  a  pipette,  used  for  measuring  0,075  ml,  aliquots,  from 
1/2  cm*  capillary  tubing  of  1/2  mm*  bore.  Draw  the  tubing  out 
about  5  cm.  to  converge  to  a  point  of  1  to  1  1/2  mm.  and  a  bore  of 
0*1  to  0,2  mm.  Overall  length  is  40  cm.  Make  a  scratch  on  the 
tubing  30  cm,  from  the  converging  end.  The  volume  can  be  deter¬ 
mined  by  weighing  the  water  delivered.  In  actual  work-  it  is  not 
necessary  to  know  the  volume  delivered  as  the  same  aliquot  is  t^Ucen 
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from  both  standards  and  samples.  In  taking  alicfiots  entirely 
empty  the  pipette  by  blowing  the  last  drops  onto  the  gold  dish. 
Cle^  the  pipette  with  HNO^  acid,  water  and  acetone. 

IV.  Procedure  for  Instrument  with  Standard  Model  512  Search  Unit. 
Prepare  the  sample^  blank  and  standard  solutions  identically  with 
the  foregoing  procedures.  Pipet  40  ml.  aliquots  of  sample,  bleink 
and  standards  into  50  ml.  pyrex  glass  graduated  centrifuge  tubes. 
Add  1  ml.  of  an  adximinum  nitrate  solution,  idiioh  contains  20  milli«- 
grams  of  A1  ion,  to  each  tube.  Precipitate  the  hydroxides  with 
excess  ammonium  hydroxide  and  follow  the  procedure  as  under  Ex¬ 
traction  with  Ethyl  Acetate  and  Preparation  of  Flux  and  Phosphor. 

In  reading  the  phosphors,  open  the  shutter  entirely  and  ad¬ 
just  the  blaxdc  to  read  0  on  the  Lo  scale  with  the  wide  range  zero 
screw.  Bsad  the  standards  and  samples  and  calculate  from  the 
standard  readings  the  percentage  uranium.  A  standard  curve  may 
be  drsnni  and  used,  however,  it  is  advisable  to  run  standards  with 
the  samples  to  avoid  errors  from  changes  in  light  intensity. 
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PHOTOVOLT 

ELECTRONIC  PHOTOMETER 
MODEL  512 

Operating  Instructions 


The  Instrument  Is  furnished  with  an  opaque  disc  In  front  of  the  phototube  window,  Bils 
disc  must  be  removed  In  order  to  admit  light.  To  remove  the  disc,  imscrew  the  knurled 
metal  ring. 

Operation.  Step  by  Step 

1,  With  main  switch  1  on  "OPP",  set  needle  of  galvanometer  exactly  on  aero  by 
means  of  mechanical  zero  adjustment  knob  2  on  top  of  galvanometer  housing, 

2,  With  main  switch  1  on  "ON"  and  with  the  search  unit  connected  to  the  instru¬ 
ment,  turn  switch  3  to  position  "A",  The  galvanometer  must  show  a  deflection 
between  50  and  60.  This  checks  the  filament  voltage  on  the  aaqplifier  tubes, 

3,  Turn  switch  3  to  position  The  galvanometer  must  now  show  a  deflection 

between  86  and  100*  This  checks  the  plate  supply  voltage. 

It  does  not  make  any  difference  whether  the  phototube  window  is  covered  or  unco¬ 
vered  during  steps  1,  2,  and  3, 

4,  After  a  warm-up  period  of  approximately  5  minutes,  cover  up  search  unit  so 
that  no  light  whatever  strikes  the  phototube.  Keep  phototube  covered  during 
steps  5  and  6. 

5,  Turn  switch  3  to  "LO".  Set  electrical  zero  adjustment  knob  4  approximately 
to  its  middle  position.  If  the  needle  is  not  near  zero,  use  a  screwdriver  to 
set  the  needle  approximately  on  zero  with  the  wide-range  zero  adjustment  5, 

The  operation  of  the  wide-range  zero  adjustment  5  is  necessary  only  when  the  in¬ 
strument  is  first  taken  into  use  or  after  it  has  been  kept  standing  for  a  consi¬ 
derable  period  of  time,  also  after  changing  from  one  search  unit  to  another.  In 
routine  operation,  it  will  mostly  be  sufficient  to  use  knob  4  to  set  needle  appro¬ 
ximately  on  zero  in  step  5, 

6,  Turn  switch  3  to  "HI"  and  set  needle  exactly  to  zero  with  knob  4, 

The  instrument  is  now  adjusted  and  ready  for  measurements.  The  zero  adjustment 
according  to  step  6  should  be  checked  from  time  to  time  by  blocking  off  the  ll^t 
on  the  phototube.  The  ratio  of  10:1  of  the  sensitivities  in  positions  "HI"  and 
"LO"  of  switch  3  holds  true  only  if  the  mechanical  zero  adjustment  of  step  1  and 
the  electrical  zero  adjustment  of  step  6  are  accurately  maintained. 

Notes 


a.  The  instrument  reads  in  arbitrary  light  xmlts.  It  is  provided  with  a  sensi¬ 
tivity  control  knob  6  which  permits  stepless  control  of  the  sensitivity.  In 
the  clockwise  end  position,  the  sensitivity  is  approximately  50^  hi^er  than 
in  the  counterclockwise  end  position.  If  the  instrument  is  ezq;>loyed  for  the 
absolute  evaluation  of  light  values  as,  for  instance,  for  exposure  determina¬ 
tion  in  photomicrography,  all  readings  should  be  taken  either  in  the  one  or 
the  other  end  position  of  knob  6,  On  the  other  hand,  if  the  pxirpose  of  the 
measurements  is  the  determination  of  the  ratio  of  two  light  values  as,  for  in¬ 
stance,  in  density  tests,  the  sensitivity  control  knob  6  may  be  found  useful 
to  set  the  needle  on  100  or  on  some  other  even  reading  for  the  hi^er  light 
value,  so  as  to  facilitate  the  caloxilation  of  the  ratio. 
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b*  Wm  tbm  instrvMiit  Is  not  In  use,  it  is  reooamndod  to  put  the  opaque  disc 
baok  Into  the  search  unit  wlndov  or  to  keep  the  phototube  protected  rrom  li^t 
In  SOM  other  way*  Strong  li^t  striking  the  phototube  window  cannot  result 
in  any  dawege  of  the  indicating  meter^  inaasaich  as  the  circuit  is  cos«>letely 
eelf-mroteoting*  However «  a  tenporary  instability  may  be  caused  by  the  photo^ 
tube  being  struck  by  li^t  so  strong  as  to  throw  the  needle  far  off  scale. 

c.  ha  cheeking  the  filament  voltage  of  tl^  amplifier  tubes  according  to  step  2, 
the  needle  may  go  to  a  value  below  50.  This  shows  that  battery  4F2H  must  be 
replaced^  Itoke  sure  that  the  seaz^h  unit  Is  securely  connected  during  this 
test*  It  is  a  good  plan  to  check  the  filament  voltage  when  the  Instrument 
shows  appreciable  drift. 

d.  The  drain  on  the  bEtteries  supplying  the  plate  voltage  is  so  low  that  their 
life  may  be  expected  to  be  equal  to  their  shelf  life.  Therefore,  checking  of 
this  voltage  according  to  step  3  need  not  be  done  except  once  in  a  great  while. 
If  step  3  results  in  an  indication  below  86,  it  is  advisable  to  replace  the 
two  45* volt  batteries  II  30.  The  two  batteries  are  connected  In  parallel.  In 
an  emergency,  one  45-volt  battery  is  sufficient  to  operate  the  instrviment. 

e.  The  batteries  are  accessible  by  taking  off  the  left-hand  panel  after  removing 
the  six  screws  along  the  edges.  Hhile  exchanging  batteries,  care  must  be 
taken  that  main  switch  1  is  on  *0^*.  Ho  special  precaution  is  necessary  In 
connecting  the  K  30  batteries  because  they  are  provided  with  polarised  sock¬ 
ets.  In  connecting  the  4F2H  battexy,  the  red-marked  lead  must  be  connected 
to  the  plus  terminal  of  the  battery.  Should  the  polarity  be  reversed,  this 
will  becoM  apparent  by  the  galvanometer  needle  deflecting  to  the  left  when 
switch  3  is  turned  to  position  *A”. 

f.  The  battery  designations  refer  to  Burgess  batteries.  Equivalent  batteries 
of  any  other  make  can  be  used. 

g.  When  connecting  or  disconnecting  a  search  unit.  It  Is  advisable  to  keep  the 
main  switch  1  on  *(FP*. 

h*  If  the  instrument  does  not  operate  properly,  one  may  test  the  amplifier  tube 
lH4a  and  the  Amperlte  ballast  tube  for  continuity  between  pins  2  and  7. 

These  tubes  are  accessible  by  lifting  the  rl^t-hand  panel  out  of  the  Instru- 
Mnt  after  the  four  screws  in  the  corners  are  removed. 

i*  Hhen  consunicatlng  with  the  manufacturer  about  the  performance  of  the  Instru¬ 
ment,  always  state  the  serial  number  indicated  on  the  name  plate. 
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EBIBBUNATiaN  OP  ni02  U  OBSS 
HBttllTIffi  HBTHOD. 


frwiafvr  a  finaly  ground,  aooarataly  voiced  uaqpl*  (about 
1  g)  of  tha  ora  to  a  SO  al  platinum  oiuoibla.  Moiaten  alth  a 
llttla  aatar,  add  about  20  nl  48%  HP,  and  araporata  to  drynaaa 
on  a  atani  baUi*  Bapaat  tha  traataMot  if  aaapla  oontaina  auoh 
ailioa.  After  tha  HP  traatmaot  add  about  10  g  EHP2,  ahioh  haa 
baoB  dried  in  a  daaiooator,  to  the  oruoibla  and  fdaa  aa  follouai 
plaoa  the  oovarad  oruoibla  oaar  a  aery  low  flame  and  oarafhlly 
drive  off  'Uia  moiaturo  aind  raaotioa  gaaaa*  Gradually  ineroaaa 
tha  flame  until  tha  malt  ia  a  clear  rad  hot  moltaa  maaa  oaar 
iba  full  flmaa  of  a  Makar  buraar.  Smlrl  clear  malt  to  mix  fha'ion. 
Cara  muat  be  giaan  throughfwt  tha  fhaiaia  baoauaa  tha  material 
tanda  to  foam,  oraap,  and  aputtar*  Sairl  Iba  malt  on  cooling  to 
form  a  ibin  ooating  on  tha  aidaa  of  tba  oruoibla*  After  tba 
oiuoibla  ia  oool  plaoa  in  a  largo  j^atimm  diah  and  add  about 
200  ml  water  and  about  25  al  48jC  HP*  Bmaova  'Uia  malt  from 
oruoibla  and  break  up  with  a  platinum  rod*  Ugaat  on  tha  ataam 
bath  one  hour,  oool,  and  filter  tbrou^  10*42  Wiataan*  lhah 
witib  dilute  BP  and  finally  with  water*  Ignite  tha  raaidua  at 
450>600^C  and  tranafar  to  a  j^atimaa  diA  with  tta  aid  of  16  ml 
oonoontratad  aulfttrio  aoid  and  a  little  odld  water*  fake  Aa 
aolution  to  fUmaa,  oool,  waah  dome  tba  aidaa  of  Aa  diA  wiA 
water  and  take  to  Aimaa  again*  Cool  and  diluA  wiA  about  100 
ml  waAr*  Olgaat  and  atir  on  Aa  ataambaA  to  diasolua  raaidM 
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solids.  Trcmsfer  to  a  400  ml  beaker.  If  some  insoluble 
material  remains  in  the  platinum  dish  dissolve  this  in  'warm 
hydrochloric  acid  (li  1)  and  add  to  the  beaker.  Usually  all 
the  nrftterial  is  soluble  at  this  point  but  if  some  insoluble 
remains  it  will  dissolve  after  the  addition  of  ammonia  suad 
sodium  nitrite.  Nearly  neutralize  the  solution  with  ammonia 
and  add  10%  solution  sodium  nitrite  slowly  to  effect  reduction 
of  Ce"^^  (yellow)  to  (colorless).  If  cerium  is  present  the 

solution  will  probably  be  quite  yellow  sind  the  addition  of 
sodium  nitrite  will  give  a  colorless  solution  unless  iron  or 
some  other  colored  ion  is  present.  Make  anmoniacal  to  10% 
excess.  Allow  the  solution  to  cbol  and  the  precipitate  to 
settle  before  filtering  through  No. 40  Whatman  paper.  Wash 
with  a  little  cold  Z%  NH^Cl  -  10^  ^4^^  solution.  Dissolve 
the  precipitate  on  the  paper  with  hot  hydrochloric  acid  (li‘2), 
returning  the  solution  to  the  oidginal  beaker.  If  the  precipi¬ 
tate  is  large  it  may  be  necessary  to  remove  the  paper  from  the 
funnel  and  slurry  with  10-15  hot  hydrochloric  acid  (1-f  1)  in  a 
small  beaker.  Filter  into  the  beaker  containing  the  dissolved 
precipitate  and  wash  well  with  hot  hydrochloric  acid  (Ij  20)* 

To  the  combined  filtrates  and  washings  add  ammonium  hydroxide 
(I't  1)  until  a  faint  permanent  turbidity  or  precipitate  is 
formed  and  then  add  a  few  drops  hydrochloric  acid  (l-j“  1)  to 
dissolve  the  precipitate.  Dilute  to  200  ml  and  add  enough 

a 


See  Note  1 
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to  aoko  A  f>%  odlation  of  tlio  oolt*  Add  one^half  to 
ooo  al  lOjt  aodim  nitrite  oad  stir  ooll  and  oom  the  aolotioa 
to  rtMwt  e0*70l^ C.  SLoaly  add  2%  hoxaaiiM  solution  (1)  until 
A  toitidily  is  just  produood  -  then  Add  throe  to  four  al  aore. 
Stir  veil  sad  host  (not  oror  76*’c)  to  eosgilsto  the  preoipi* 
toto  allow  tto  prooipitAte  to  settle*  Add  1  al  aore  of 
aolutioB  to  olosr  supomstaat  liquid.  If  no  aore 
taid>idi'^  is  produced  (the  preoipitaction  is  o<MBplete)  •>  stir 
and  allow  to  settle.  If  aore  tuxtidity^  fonts  (the  preeipits- 
tion  is  not  eos^ste)  add  aore  hozsaine  in  1  al  portions,  allow 
the  preeipitste  to  settle  before  esdi  addition  until  pre- 
olpitatiott  is  eoq^eto.  After  the  precipitation  has  settled 
filter  throu^  16.  40  llhataan  paper**  and  wash  with  5%  HH^GL. 
fast  the  filtrate  for  ooapleto  preoipltation  by  adding  1  al 

solution.  Oissolre  the  precipitate  on  the  paper  with 
hot  hydreehlorie  aoid  (it  2)  finally  washing  paper  with  hot 
taydroehlorie  aoid  and  repeat  heaaaine  precipitation  twice 
(or  the  filtrate  froa  the  heaaaine  preoipitation  gives 

no  preeipitste  when  aade  strongly  aamonlaosl).  Dissolve  the 
final  heanine  preeipitste  as  before,  eolleeting  the  solution 
in  a  2S0  ad  beaker.  Bvaporate  to  dryness  on  the  steaa  bath 
pour  20»25  al  lOjC  oaalie  sold  onto  the  residue.  Stir  and 
then  dilute  to  100  al  Toluae.  Gbver  the  beaker,  gently  boil 
the  solution  for  a  fowainutes.  adjust  the  volume  to  100  ml. 

ee 

See  loto  2 
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and  let  stand  overnight*  Filter  through  No*  42  Ylhatman^ 
wish  with  1-2^  oxalic  aold^  ignite  at  llOO^C,  oool^  and 
weigh  as  ThO^* 

NOTES 

1*  If  nnoh  R2O5  other  than  thoria  and  rare  earth  is  present 
it  is  advisable  to  either  remove  the  iron  by  an  ether  ex<- 
traction  or  make  an  oxalate  precipitation  at  this  point* 

To  extract  the  iron  dissolve  the  ammonia  precipitate  with 
hot  hydrochloric  acid  (I'f  l)  and  shake  with  ether  (2)* 

The  oxalate  precipitation  is  a  longer  procedure.  Evaporate 
the  hydrochloric  acid  solution  of  the  dissolved  ammonia 
precipitate  to  dryness  and  follow  the  method  for  oxalate 
precipitation  given  above*  Ignite  the  oxalates  at  bOQ^C 
for  at  least  two  hours,  dissolve  in  hot  concentrated  nitric 
acid«  dilute  and  precipitate  with  ammonia,  dissolve  pre¬ 
cipitate  with  hot  hydrochloric  acid  (l4  2)  and  continue  with 
the  hexamine  separation.  If  nitric  acid  will  not  dissolve 
the  ignited  oxalates  a  pyrosulfate  fusion  is  necessary* 

2*  It  is  best  to  place  a  pad  of  macerated  filter  paper  in  the 
apex  of  the  filter  paper  vdien  filtering  all  precipitates 
encoxmtered  in  this  method* 

Bsferenoes: 

1*  If*  H*  Schoeller  and  A*R*  Powell,  *The  analysis  of  Minerals 
and  Ores  of  the  Rarer  Elei.ients*,  2nd  Edition, 1940,  p,  120 

2*  W.F.  Hillebrond  and  G.E.F*  Lundell,  "Applied  Inorganic 
Analysis",  p.  106. 
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DBTBatlHATlON  OF  THOBIUM  OXIDB  IN  OBBS 

(1) 

lodate  Method 

Transfer  a  finely  ground^  aoourately  weighed  sample  (  about  1  g) 
of  the  ore  to  a  50  ml  platinum  crucible*  Moisten  with  a  little  water, 
add  about  20  ad  l^drofluorio  acid  (48^,  and  evaporate  to  dryness  on 
a  steam  bath*  Bspeat  the  treatment  if  the  saa^le  contains  much  silica. 
After  the  hydrofluoric  acid  treatment  add  about  8  g  potassium  acid 
fluoride,  adiioh  has  been  dried  in  a  desioator,  to  the  crucible  and 
fuse  as  followst  place  the  covered  crucible  over  a  very  low  flame 
and  carefully  drive  off  the  moisture  and  reaction  gases.*  Grradually 
increase  the  flame  until  the  melt  is  a  clear  red  hot  molten  mass  over 
the  full  flame  of  a  Ifeker  burner.  Swirl  clear  melt  to  mix  fusion. 

Care  must  be  given  throughout  the  fusion  because  the  material  tends 
to  foam,  creep,  and  sputter.  Swirl  the  melt  on  cooling  to  form  a 
thin  coating  on  the  sides  of  the  crucible.  After  zhe  crucible  is 
cool,  use  hot  water  from  a  wash  bottle  to  transfer  the  melt  from 
the  oruoible  to  a  large  platinum  dish.  Break  up  the  melt  with  a 
platinum  rod,  and  then  add  about  IQO  ml  water,  digest  on  the  steam 
bath  10-15  minutes  and  then  add  about  10  ml  hydrofluoric  acid  (48^. 
Digest  on  the  steam  bath  16  minutes,  cool,  and  filter  through  No.  42 
Mhatman  filter  paper  and  wash  with  dilute  hydrofluoric  acid.  Transfer 
the  filter  paper  to  a  platinum  dish,  ignite  at  450-500®C,  ooolf  add 
5  ml  nitric  acid  and  10  ml  sulfuric  acid  and  heat  cautiously  on  hot 
plate  to  oxidise  all  carbon.  Add  more  nitric  acid  when  necessary 
and  when  the  solution  is  water-i«4iite  or  very  light  yellow,  fume 
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twice  adding  a  little  water  each  tine  after  cooling  the  dieh  In 
the  ice  water  bath.  Tranafer  the  material  in  tne  dish  to  an  800  ml 
beaker  containing  100  ml  iced  distilled  water  and  stir  well.  Dilute 
to  300  ml  with  water,  set  on  hot  plate,  add  10  ml  cone,  nitric  acid 
and  10  ml  cone,  hydrochloric  acid,  and  boil  until  solution  becomes 
clear.  Usually  ell  the  material  is  soluble  at  this  point  but  if 
some  insoluble  residue  remains,  it  Td.ll  dissolve  '\fter  the  addition 
of  ammonia  and  sodium  nitrite.  Nearly  neutralise  the  solution  with 
ammonia  and  add  sodium  nitrite  solution  (10;^)  slowly  to  effect  re¬ 
duction  of  Ce^^  (yellow)  to  (oolorless).  If  cerium  is  present 
the  solution  will  probably  be  quite  yellow  and  the  addition  of  sodium 
nitrite  will  give  a  oolorless  solution  unless  iron  or  some  other 
colored  ion  is  present.  Kake  ammoniacal  to  lOfJ  excess.  Allow  the 
solution  to  cool  and  the  precipitate  to  settle  before  filtering 
through  a  No.  40  llhatman  filter  paper.  Wash  with  a  little  cold  2% 
ammonium  nitrate  in  aranonium  hydroxide  (1+9).  Dissolve  the  pre¬ 
cipitate  on  the  paper  with  hot  nitric  acid  (l-fl)  returning  the 
solution  to  the  original  beaker.  If  the  precipitate  is  large  it 
may  be  necessary  to  remove  the  paper  from  the  funnel  and  slurry 
vdth  10-15  ml  hot  nitric  acid  (ifl)  in  a  small  beaker.  Filter  into 
the  beaker  containing  the  dissolved  precipitate  and  wash  well  with 
hot  nitric  aoid  (l‘J'20).  Bspeat  amonium  hydroxide  precipitation^ 
washing  as  above  and  dissolve  this  time  with  25  ml  hot  nitric  aoid 
(1  \  1)  followed  by  thorough  washing  with  hot  water.  Evaporate  the 
filcrate  to  a  60  ml  volume  and  add  38  ml  nitric  aoid,  then  cool  in 
ice  water  bath.  Add  3  drops  of  hydrogen  peroxide  (oO^)  and  stir, 
then  add  100  ml  of  a  16/i  solution  of  potassium  iod?te  in  nitric 
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acid  (Ifl).  Stir  this  hiixturc  at  times  for  one  hour,  femove  from 

ice  water  and  dec*int  the  clear  liquid  throuj^h  a  ^  40  liVhatraan  filter 

paper  and  traiisfex  the  precipitate  to  the  funnel  with  a  solution 

of  potassium  iodate  in  nitric  acid  (l‘t‘9). 

After  one  wash,  return  the  precipitate  to  the  beaker  and  stir 
it  up  vdth  50  nd  of  the  wash  solution,  Transfer  the  precipitate  to 
the  filter  paper  and  wash  it  5  times  with  the  wash  solution. 

Dissolve  the  precipitate  with  30  ?ti1  of  hot  nitric  acid  (1+1). 
Tiash  well  with  hot  water.  Evaporate  the  filtrate  to  30  ml,  cool,  the 
reprecipitate  by  addins  a  solution  of  4  g  potassiim  iodate  dissolved 
in  30  ml  nitric  acid  (li"!).  Stir  at  frequent  intervals,  and  allow  to 
settle.  Collect  and  wash  the  precipitate  as  before,  and  then  dissolve 
It  In  dilute  hydrochloric  acid  (1+1)  to  which  a  little  sulfur  dioxide 
has  been  added,  and  wash  the  filter  paper  with  hot  hydrochloric  acid 
(1  +  2).  Add  a  slight  excess  of  amronium  hydroxide  to  the  filtrate 
and  boil,  filter  through  a  #40  VIhatman  filter  paper,  smd  wash  with 
hot  2%  anmoniun  nitrate  solution.  Dissolve  the  precipitate  in  hot 
hydrochloric  acid  (1  +  1),  dilute  the  filtrate  to  100  ml  and  heat  the 
filtrate  to  boiling.  Hearly  neutralize  with  ammoniuin  hydroxide  and 
boil.  Then  add  a  hot  solution  containing  4  g  of  ammonium  oxalate. 

Add  hydrochloric  acid  (1+  1),  drop  by  drop  to  the  solution  until  a 
faint  turbidity  is  produced,  then  add  10  ml  of  hydrochloric  acid 
(l  +  l)  and  allow  the  solution  to  stand  overnight.  The  addition  of 
filter  pulp  will  aid  in  filtering  and  will  give  a  better  product  on 

ignitiom^r  solution  through  a  #42  tHhatman  filter  paper  and  wasli 
vdth  a  2;'  solution  of  oxalic  acid.  Transfer  to  a  platinum  crucible, 
ignite  at  1UOO®C  until  constant  weight  is  obtained. 

(1)  R.J.  Meyer  and  M.  Speter,  Chem.  Zeit.,  ISIO.  34,  306 
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THS  BAPID  DETLEKIKATICM  OF  ThO^  IK  MOKAZITS  SAKD 

?rRn«f«r  10*000  ^raji  of  the  finely  ground  material  to  a  100 
ml  platinum  dieh.  Add  23  ml  of  sulfuric  acid,  cover  the  dish,  and 
heat  for  one  hour  at  a  temperature  hot  enough  to  cause  fumes  of 
sulfur  trioxide  to  he  evolved.  Stir  occasionally  during  the  heating 
period.  Cool  the  mixture  and  pour  it  onto  ice  in  a  ml  heaker* 

Wash  the  platinum  dish  with  water  and  stir  the  resulting  solution 
until  the  pasty  mass  is  completely  in  suspension  and  the  ice  is  melted* 
Pour  the  contents  of  the  beaker  into  a  230  ml  volumetric  flask,  and 
oiake  up  the  flask  to  volume.  Mix  the  solution  by  shaking;  then  filter 
several  ^0  ml  aliquots  into  dry  flasks  through  12*^  cm  Ho*  U2  Whatman 
filter  papers  after  discarding  the  first  20  ml  filtered  in  each  ease* 
Transfer  a  ^  ml  aliquot  to  a  600  ml  beaker  and  dilute  to  450 
ml*  This  should  give  a  pH  of  between  0*6  and  0*7*  Meat  the  solution 
to  boiling,  with  constant  stirrinx*  and  then  add  slowly  still  with 
constant  stirring,  fifteen  ml  of  a  5^  solution  of  sodium  pyrophosphate* 
Continue  the  boiling  for  one  or  tw  minutes*  Allow  the  precipitate  to 
settle,  then  filter  the  solution  through  a  11  cm  Ho*  Uo  Whatman  or 
Schleicher  A  Schull  Ho*  5^9  white  label  filter  paper* 

Ifosh  the  collected  precipitate  from  the  filter  paper  into  the 
original  beaker  with  a  stream  of  water*  Add  thirty  ml  of  sodium 
hydroxide  (1  *  1)  and  about  1  g  of  sodium  peroxide  to  the  slurxy,  dilute 
to  a  volume  of  200  ml  and  boil  the  mixture  for  3  ^  ^  minutes.  Dilute 
the  resulting  solution  to  hoo  ml  allow  the  precipitate  to  settle,  than 
re-filter  it  through  the  same  filter  paper  from  which  it  was  washed* 
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Dlseolve  the  preeipltnte  off  the  filter  paper  with  a  little 
hot  hydrochloric  acid  (l  ■t’  1)  and  wash  with  hot  Hel  (1  -f  9)  collect¬ 
ing  the  filtrate  in  the  original  heaker.  Bepeat  the  sodium  hydroxide 
precipitation  and  again  diesolve  the  precipitate  with  hydrochloric 
acid  (1  1)  as  before. 

Bilnte  the  filtrate  to  about  200  ml,  and  add  aamonina 
hydroxide  hydroxide  until  a  faint  cloudiness  appears,  then  add 
hydrochloric  acid  dropwiee  until  this  cloudiness  just  disappears.  Add 
two  or  three  ml  of  an  8j(  sodium  nitrite  solution,  ten  grans  of 
ammonium  chloride,  and  heat  the  solution  to  about  60*  C.  Add  drop- 
vise  a  2^  solution  of  hexamine  until  the  solution  becomes  cloudy,  then 
add  four  ml  of  the  precipitating  solution  in  excess  and  allow  the 
precipitate  to  settle,  then  test  for  complete  precipitation  by  adding 
another  one  ml  of  the  hexamine  solution.  Xf  the  precipitation  is 
complete,  heat  the  solution  to  about  70*  C,  allow  the  precipitate  to 
settle,  and  then  filter  the  solution  through  a  No.  Uo  Whatman  filter 
paper.  I>issolwe  the  precipitate  off  the  filter  paper  with  hot 
hydrochloric  acid  (1  *  1),  and  wash  the  filter  paper  thorou^ly  with 
hot  hydrochloric  acid  (1  -«■  9).  Repeat  the  hexamine  precipitation, 
but  this  tine  dissolve  the  resulting  precipitate  with  hot  nitric  acid 
(1  *  2)  and  ymnh  the  filter  paper  thoroughly  with  hot  nitric  acid 

(1  ♦  9). 

Transfer  the  solution  to  a  290  ml  beaker,  dilute  to  about 
100  ml,  and  add  tea  sd  of  JO^t  hydrogen  peroxide.  With  the  teinperature 
of  the  solution  between  4$*  C  and  90*  C,  adjust  the  pH  to  about  1*9 
with  dilute  aamonina  hydroxide.  Filter  the  solution  through  a  Vo.  4o 
Whatman,  and  redissolve  the  precipitate  with  hot  nitric  acid  (l  »■  2), 
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collecting  the  filtrate  in  ?50  teeker.  Add  ten  ml  of  hydrogen 
peroxide  (301^)  dilute  the  solution  to  100  ml  and  determine  the  amount 
of  titanium  dioxide  present  hy  comparing  with  solutions  containing 
known  amounts  of  TiPp  made  under  the  sane  conditions  either  visually 
in  Vessler  tubes  or  with  a  spectrophotometer  measuring  the  transmittancy 
of  the  solutions  at  UOO  millimicrons. 

Return  the  solution  to  the  beaker  ^nd  again  adjust  the  pH  of 
the  solution  to  1.5  with  ammonium  hydroxide  as  before,  and  filter  the 
solution  throu^  a  fho  Whatman  filter  paper.  Transfer  the  precipitate 
quantitatively  to  the  filter  paper,  and  wash  out  the  beaker  thoroughly 
with  a  hot  ammonium  nitrate  solution.  Ignite  the  precipitate  in  a 
platinum  crucible  to  1000*  C  to  constant  weight.  Correct  the  final 
weight  of  the  precipitate  for  the  cmount  of  titanium  dioxide. 
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